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(57) Abstract 

The present invention provides the EspA polypeptide, wrhich is secreted by pathogenic 5. coii. such as the entcj opath ogenic (EPEC) 
and cnterohcmorrhagic (EHEC) £. coU. Diagnosis of disease caused by such pathogenic £. coli can be perfoimed by Mandani techniques, 
such as those based upon the use of antibodies which bind to EspA to detect the protein, as well as those based on the u» of nucleic acid 
probes for detection of nucleic acids encoding EspA protein. The invention also provides isolated nucleic acid sequences encoding EspA. 
EspA polypeptide. EspA peptides, a method for producing recombinant EspA. antibodies which bind to EspA. and a kit for the detection 
of EspA-producing £. coU. The invenUon also provides a method of immunizing a host with EspA to induce a protective immune response 
to EspA. 
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PATHOGENIC ESCHERICHIA COL/ASSOCUTED PROTEIN 

Cross Reference to Related Applioition 

This a{yplication claims priority fiom U.S. Provisional Application 
60/01 5,999, filed April 23, 1996. f ^ 

Stetemeat as to Federally Sponsored Research l^t 

This invention was made with support firom Public Health Service a^mr^t 
AI32074 from the National Institutes of Health. The United States go venunent |yftvc 
certain rights in this invention. ~ 

FieM of the Invention 

The present invention relates generally to the virulence of pathogenic 
organisms and more specifically to virulence factors associated with enteropalfaogedc 
bacteria. 

Background of the Invention 

Antibiotics have been used for years to successfiilly treat diverse bacterialV 
infections. However, bacterial resistance to antibiotics has been an increasing probl^ 
over the past few years. Many pathogens are now resistant to several antibiotics, and in 
some cases, the diseases they cause are no longer treatable with conventional antibiotics. 
Despite the past successes of antibiotics, there have been few, if any, new elates of 
antibiotics developed in the past two decades. New variations on existing drugs haVc 
been introduced, but resistance to these compounds usually arises within a short period of 
time. 

Many studies have shown that if a mutation is made in a gene that encodes a 
virulence factor, the organism containing that gene is no longer pathogenic. 
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Additionally, if a host is vaccinated against a virulence factor, disease can often be 
blocked. However, it has not been shown that specific inhibition of a virulence fector 

can attenuate disease. 

The mechanisms of action for toxins, adherence, invasion, intracellular 
parasitism, have been studied. However, each virulence fector uses a different 
mechanism, which has made the development of a bmad spectrum inhibitor impossible. 
One conserved factor that could be considered a target for a therapeutic is a two- 
component reguhitory system. However,thissystcmisnotspecificforviiulence factors, 
and isused in several bacterial housekeeping systems. Additionally, the systems have 
been identified in eukaiyotic systems, which would increase the risk of host toxicity if an 
inhibitor was utilized. To develop an ideal anti-infective agent, the bacterial vimlence 
mechanism that tiie antibiotic affects should be univei^ for many pafliogens, specific for 
vuulencemechan»sms.and«otbepresentinhostceUs. One such system tiutt has 
lecentiy been identified is tiie bacterial type IE secretion system. 

G«m<iegative bacteria utilize specialized machinery to export molecules 
across their two membranes mid tiie piroph«m.aproccss critical for moving virul^ 

ftctorstotiiebacteriaisurfi^-wheretheycaninteiactwithhostcomponcn^ Oram- 
negativesecretionhasbeendividedintofourmajorpathways. First, tiie Type I secretion 
isusedlvasmdlfimulyoftoxins.witii£. CO/, hemolysin beingtiie prototype. Second, 
the typensecretion system is tiie major export patiiway used by most Gram-negative 
bacteria to export many molecules, including some virulence factors; it shares homology 
tomammaliandnigicsistancemechanisms. Third, tiie type IV secretion system is 
encoded witfun tiie secreted product, which cleaves itself as part of tiie secret 
mechanism; ti^prototypeoftiiissystemistiieAretoenal^ Fourtii. tiie most 

recently discovered secretion patiiway. is tiic type m patiiway . 

Type m secretion systems v««e originally described as a secretion system for 
rer5.ntosecr«ed vimlence proteins. YOPs.whichare critical for re^^^^^^^ A 
homologous secretion system was tiien identified in several plant patiiogens. includmg 
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Pseudomonas syringae, P. solanaceamnt, wAXantharnoms carnpestris. These pliifn| 
pathogens use this secretion pathway to secrete viniletice &ctors (haipins and othe^]|:dia 
are required for causijig disease in plants. Although the secretion system is similai^l 
harpins and YOPs (le. the secreted virulence fiictors) are not homologous polypej^^. 
Several other type m secretion systems necessary for virulence have more recently 
identified in other pathogens. These systems include the irrvasion systems Salmd^i^^ 
and Shigella use to ent« cells and cause disease. Another type m secretion systeni lau; 
been identified in Salmonella which is critical for disease, although the secreted | 
of this pathway and the virulence mechanisms have not been established yet. 
Pseudomonas aeruginosa has a type HI secretion system necessary for secretion c^MMl- 
Exoenqntne S, a potent virulence &ctor. -^fP 

Enteropaihogenic Escherichia coli (EPEC) is a leading cause of infioi^f ^ 
diarrhea and was tfie first £ coli shown to cause gastroenteritis. Eiiteropathogeidc1l|^:; 
coli activates the host epitfielial cells' signal transduction patfiways and causes 
cytoskeletal rearrangement, along with pedestal and attaching^ef&cing lesion formation. 

A three-stage model has describes enteropafliogeiiic£ co/r pathogeru»jL|| An 
initial localized adherence to epithelial cells, mediated by a type IV fimbria, is foUovin^ 
by the activation of host epithelial cell signal transduction pathways and intimate ^ 
attachment to host epitfielial cells. These final two steps are collectively Imown as 
attaching and efihcing. The signal transduction in the host q)ithelial cells involves 
activation of host cell ^xosine kinase activity leading to tyrosine phosphorylatiori of 1 90 
kilodalton host membrane protein, Hp9D, and fluxes of intracellular inositol phosp}^! 
(IPj) and calciuziL Following this signal transduction, the bacteria adheres intinuftt^i:) 
the surface of the epitiielial cell, accompanied by damage to host epithelial cell iiuarPvilli 
and accumulation of cytoskeletal proteins beneath the bacteria. ^ ^^t 



-3- 

SUBSTITUTE SHEET (RULE 28) 



wo 97/40063 



PCT/CA97AM26S 



Summary of the Invention 

Hie present invention is based on the discoveiy a protein associated with 
vimlcnce in pathogenic bacteria, for example cnteropathogcnic E. coli. 

DNA sequKJCC analysis of the Locus of Enterocyle Effecement between eaeA 
and espR identified a gene (espA) that matched the amino temiinal sequence of the 25 
kilodalton entcropalhogenic £ coli secreted protein. A mutant with an insertion in espK 
does not secrete this protein, activate epithelial cell signal transduction or cause 
cytoskeletal rearrangement. However, these functions could be complemented by a 

cloned wild-^ espK gene. 

Two enteropathogenic E. coli genes, espA and cipB, that encode secreted 
vimlence factors, EspA and EspB respectively, were cloned and sequenced. These 
proteins were shown to be involved in the triggering of host epithelial signal transduction 
pathways and invasion. Since EspA is a secreted protein, it is ideaUy suited for use in a 
fusion protein linked to a polypeptide of interest 

The type ffl secretion pathway is an ideal target for potential inhibitors, 
because it is a virulence factor-specific conserved pathway identified in bacteria. The 
present invention provides a method for identifying inhibitors of type HI secretion 
systems. The relevance of tius invention is directed toward the development of new 
antibacterial therapeutics. In contrast to otiier antibiotics, tiie compounds identified by 
tiie mctiiod of tius invention will not kill or inhibit growth of patiiogens; instead, tiie 
compounds wUl block flie secretion of virulence fectors fliat are critical to causing 
disease. Because tiic type m secretion system is the first vimlence mechanism tiiat shows 
a large degree of conservation between diverse pathogens, some of tiie compounds 
identified by tiie metiiod of tiiis invention will be broad spectrum tiieiapcutics. The 
benefit would be tiie identification of new tiierapeutics that could be used in the treatment 
of several human, animal, and plant diseases. 
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Brief Pescription of the Drawings 

FIGURE 1 shows the nucleotide and deduced amino acid sequence ofesj^^ 
(herein referred to as SEQ ID NO: 1 and SEQ ID NO:2, respectively). Potential / gp 
ribosomc binding sites are underlined. Nucleotides included in primers Donne-99 anj|ii 
Doime-lOO, flanking the deletion engineered in pLCL121, are shaded. 

FIGURE 2 shows the construction of a non-polar mutation in espA. Prinwapt 
Doime-90 and the reverse primer were used to amplify a fragment containing a 5* p^^pii 
of the gene, which was cloned into pCRscript to create pLCLl 19. Primers DonnCrlO^ 
and the universal primer were used to amplify a fragment containing a 3* portion Q^il^p 
gttie, which was cloned into pCRscript to create pLCLl 20. New Nnil sites were 
incorporated into both Donne-99 and Donne- 100 so that the Nrul-Sall firagment of ^ |ip 
pLCL120 could be cloned into pLCLl 1 9 to create pLCL12 1, which has a 1 SObp ddeti&i 
within the espA gene. A Smal fiagment from pUC 1 8K containing the aphA-l kanamycin 
resistance gene was cloned into the NnJsitc of pLCLl21 to create pLCL122. This #r 
insertion results in a transcriptional fiision of the aphA'3 gene and a translational fiisic^j: 
of the 3' end of the esp/1 gene, with preservation of the C5pi^ The vgStt 

ribosome binding sites are underlined. 

FIGURE 3 shows a genetic mi^ of the plasmids containing RDEC-I ^(^r 
and enteropatfaogenic Escherichia coli (EPEC) (B) ejpA, espD, and espB g»es. Anlliws 

indicate positions that stop codon insertions were made in espA and e^B (A\ and liii 
frame shift mutation engineered into the Bglll site in cspD (B). The 250 base pair 
deletion in espB is marked by / /. Solid and clear boxes represent open reading fiames^A^ 
and predicted open reading frames. Restriction enzymes are indicated as foUows: Baisi^ 
BamHI; Be, EcoRI; Bg, BglH; Xb, Xbal; Sa, Sail. 
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FIGURE 4 shows the nucleotide sequence of RDEC-1 espK (A) (herein 
referred to as SEQ ID NO: 3 and SEQ ID N0:4, respectively) and esph (B) (herein 
refcfied to as SEQ ID NO: 5 and SEQ ID N0:6, respectively). Asterisks indicate stop 
codons. Potential ribosome binding sites are underiined. Predicted amino acid sequences 
of EspA and EspB are aligned in C) (SEQ ID NO:7-14). Shaded areas represent identity. 
Nucleotide and amino acid sequences have been deposited into the EMBL GenBank and 
their accession numbers are as follows: RDEC-1 espK (U80908), RDEC-1 espB 
(U80796), enteropathogenic Escherichia coli strain E2348/69 espK (Z54352), 
enteropathogenic Escherichia coli strain E2348/69 capB (Z21555), enteropathogenic 
Escherichia coli strain E2348/69 cspD (Y09228), enterohemoirhagic Escherichia coli 
strain EDL933 serotype 0157 «pB (X96953), entciohcmorrhagic Escherichia coli strain 
413/89-1 serotype 026 esph (X99670). 

IW ^iled DeacriptiOP 
The present invention provides a polypeptide, called EspA, which is secreted 
by pathogenic £ coli, such as the enteropathogenic (EPEC) and entcrohemorrhagic 
(EHEC) E. coli. Diagnosis of disease caused by such pathogenic E coli can be 
performed by standard techniques, such as those based upon the use of antibodies which 
bind to EspA to detect the protein, as well as those based on the use of nucleic acid 
probes for detection of nucleic acids encoding EspA polypeptide. The invention also 
provides isolated nucleic acid sequences encoding EspA polypeptide, EspA peptides, a 
recombinant method for producing recombinant EspA. antibodies which bind to EspA, 
and a kit for the detection of EspA-producing £. coli. The invention also provides a 
method of immunizing a host with EspA to induce a protective immune response to 
EspA. 

The details of the preferred embodiments of the present invention are set forth 
in the accompanying drawings and the description below. Once the details of the 
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As used herein, the term ^T^A^ (for EPEC secreted [or signaling] firotdjl^ 
refers to a polypeptide ^diich is a secreted protein from enteropathogenic or 
aiterohemonfaagic £ coli and has a molecular weight of about 25 kilodaltons as 
determined by SDS-PAGE* EspA is an oiteropathogenic K co/i-secreted protein J|| 
necessary for activating epithelial cell signal transduction, intimate contact, and /il, 
formation of attaching and ef&cing lesions, processes correlated with disease. An ; f 
example of epithelial cells are cells. ^^^^^^^ 

As used hefein, the term *^lypeptide** encompasses any naturally occm^^ 
allelic variant thereof as well as manu&ctuied recombinant forms. As used herein, ^A 
polypeptides encompass both naturally occurring and recombinant forms, i.e., non- --^^"^^ 
naturally occuxrii^ fomis of die protein and the peptide that are sufficiently identical j^j l 
naturally occurring E^A peptide to have a similar fimction of causitig patfiograictty^ 
Examples of such polypeptides include the EspA polypeptides fiom enteropathogcokii^. 
and enterohemoirfaagic K colt but are not limited to them. Protein and polypeptidesi^i 
include derivatives, analogs and peptidomimetics. Alternatively, EspA peptides can be 
chemically synthesized using synthesis procedures known to one skilled in the art. 
Preferably, an automated peptide synthesizer is used with N*Fmoc amino acids on a . , 
polyethylene glycol-polystyrene (PEGPS) graft resin. Suitable linkers such as a pej^dii 
amide linker (PAL) can be used, for example, to create carboxamide end groups. 

Tte term "substantially pure" is used herein to describe a molecule, such a» 
polypeptide (e,g., an EspA polypeptide, or a fragment thereof) that is substantially ficix 
of other proteins, lipids, carbohydrates, nucleic acids, and other biological materials with 
which it is naturally associated. For example, a substantially pure molecule, such as a f ^ 
polypeptide, can be at least 60%, by diy weight, the molecule of interest. One skilled iiir 
the art can purify EspA polypeptides using standard protein purification methods azul jO^ 
purity of the polypeptides can be determined using standard methods including, e,g.^ zj^- 
polyacrylamide gd electrophoresis (e.g., SDS-PAGE), column chromatography (e.^., - 
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high perfoimance Uquid chromatography (HPLQ), and amino-teiminal amino acid 
sequence analysis. 

EspA polypeptides included in the invention can haye one of the amino acid 
sequences of EqjAs fiom human or rabbit entcropathogenic £ coU, for example, the 
amino acid sequence of Figure 1 or Figure 4. EspA polypeptides, such as those shown in 
Figures 1 and 4, can be characterized by being approximately 25 kD as determined by 
SDS-PAGE. 

Also included in the invention are polypeptides having sequences that are 
"substantially identical" to the sequence of an EspA polypeptide, such as one of EspAs in 
Figures land 4. A "substantially identical" amino acid sequence is a sequence that 
differs fiom a reference sequence only by conservative amino acid substitutions, for 
example, substitutions of one amino acid for another of the same class (e.g., substitution 
of one hydrophobic amino acid, such as isoleucine, valine, leucine, or methionine, for 
another, or substitution of one polar amino acid for another, such as substitution of 
arginine for lysine, glutamic acid for aspartic acid, or glutamine for asparagine), or by 
one or more non-conservative substitoitions, deletions, or insertions, provided tiiat the 
polypeptide retains at least one EspA-specific activity or an EspA-specific epitope. For - 
example, one or more amino acids can be deleted ftom an EspA polypeptide, resulting in 
modification of the stiwture of the polypeptide, without significanUy altering its 
biological activity. For example, amino- or caiboxyl-terminal amino acids that are not 
required for EspA biological activity, can be removed. Such modifications can result in 
the development of smaller active EspA polypeptides. 

Other EspA polypeptides included in the invention are polypeptides having 
amino acid sequences tiiat are at least 50% identical to the amino acid sequence of an 
EspA polypeptide, such as any of EspAs in Figures 1 and 4. The length of comparison in 
determining amino acid sequence homology can be. for example, at least 1 5 amino acids, 
for example, at least 20, 25, or 35 amino acids. Homology can be measured using 
standard sequence analysis software (e.g.. Sequence Analysis Software Package of the 
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Genetics Computer Group, Univeisity of Wisconsin Biotechnology Center, 1710 . 
University Avenue, Madison, WI S370S; also see Ausubel, et al , supra), ^IIE^ 
The invention also includes fiagments of EspA polypeptides that r^ain^ilL 
least one Eq>A-specific activity or epitope* For example, an EspA polypeptide &agaS^ 
containing, e.^, atleast8-10axninoacidscanbeusedasanimmunog»inthepro4ii^^ 
of EspA-specific antibodies. The fiagment can contain, for example, an amino acid 
sequence that is conserved in EspAs. Inadditi(mtotheiruseaspq>tideimmuno^mi i^ 
the above-described EspA fragments can be used in immimoassays, such as EUSAs, 
detect the presence of EspA-specific antibodies in samples. ^ 
The EspA polypqitides of the invention can be obtained using any of sevend 
standard methods. For example, EspA polypeptides can be produced in a standard 
recombinant expression systems (see below), chemically synthesized (this approach may 
be limited to small Eq>A pqytide fiagments), or purified from tissues in \^ch tfiey aii;:.' 
naturally expressed (see, eg., Ausubel, et al. supra). 

The invention also provides isolated nucleic acid molecules that encode ibi 
EspA polypeptides described above, as well as fiagments thereof. For example, nucleic 
acids that encode EspAs as in Figures 1 and 4 are included in the invention. These^^ ; ^ ^ 
nucleic acids can contain naturally occurring nucleotide sequences (see Figures 1 and 4), 
or sequences that diflfer from those of the naturally occurring nucleic acids that encode 
EspAs, but encode the same amino acids, due to the degeneracy of the genetic code. 
nucleic acids of the invcaition can contain DN A or RNA nuclrotides, or combinations or 
modifications th»eo£ 

By ""isolated nucleic acid" is meant a nucleic acid, e.g, , a DNA or RNA 
molecule, that is not immediately contiguous with the S* and 3' flanking sequences wil^ 
vditch it normally is immediately contiguous when present in the naturally occurring 
genome of the organism fix)m which it is derived. The term thus describes, for exampic, 
a nucleic acid that is incorporated into a vector, such as a plasmid or viral vector; a 
nucleic acid that is incorporated into the genome of a heterologous cell (or the genome of 
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a homologous ceU. but at a site different fiom that at which it naturally occurs); and a 
nucleic acid that exists as a separate molecule, e g., a DNA ftagmcnt produced by PGR 
amplification or restriction enzyme digestion, or an RNA molecule produced by in vitro 
transcription. The term also describes a recombinant nucleic acid that forms part of a 
hybrid gene encoding additional polypeptide sequences that can be used, for example, in 
the production of a fiision protein. 

The nucleic acid molecules of the invention can be used as templates in 
standard methods for production of EspA gene products (e.g., EspA RNAs and EspA 
polypeptides; see below). In addition, the nucleic acid molecules that encode EspA 
polypeptides (and ftagments thereoO and related nucleic acids, such as (1) nucleic acids 
containing sequences that are complementary to, or that hybridize to, nucleic acids 
encoding EspA polypeptides, or fragments thereof (eg., fragments containing at least 12, 
1 5, 20, or 25 nucleotides); and (2) nucleic acids containing sequences that hybridize to 
sequences that are complementary to nucleic acids encoding EspA polypeptides, or 
fragments thereof (e.g., fragments containing at least 12, 15. 20. or 25 nucleotides); can 
be used in methods focused on their hybridization properties. For example, as is 
described in farther detail below, such nucleic acid molecules can be used in the 
following methods: PGR methods for synthesizing EspA nucleic acids, methods for 
detecting the presence of an EspA nucleic acid in a sample, screening methods for 
identifying nucleic acids encoding new EspA femily members, and therapeutic methods. 

TTie invention also includes methods for identifying nucleic acid molecules 
that encode members of the EspA polypeptide family in addition to EspAs shown in 
Figures 1 and 4. h these methods, a sample, e.g., a nucleic acid library, such as a cDNA 
library, that contains a nucleic acid encoding an EspA polypeptide is screened with an 
EspA-specific probe, e.g.. an EspA-sp. cific nucleic acid probe. EspA-specific nucleic 
acid probes arc nucleic acid molecules (e.g.. molecules containing DNA or RNA 
nucleotides, or combinations or modifications thereof) that specifically hybridize to 
nucleic acids encoding EspA polypeptides, or to complementary sequences thereof The 
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term "EspA-spccific probe." in the context of this method of invention, refers to pcc|& 
that bind to nucleic acids encoding EspA polypeptides, or to complementaiy sequeii^ 
thereof, to a detectably greater extent than to nucleic acids encoding other polypq^c^ 
or to complementary sequences thereof The term "EapA-specific probe** Aus iiicli^p 
probes that can bind to nucleic adds encoding EspA polypeptides (or to complemeititey 
sequences thereof)* ^^1^^ 
The invention fecilitates production of EspA-specific nucleic acid jwob^Sr 
Methods for obtaining such probes can be designed based on the amino acid sequei^^i; 
aligrmimts shown in Figures 1-3. The probes, Mdiich can contain at least 12, €.g,,0^^ 
15, 25, 35, 50, 100, or 1 50 nucleotides, can be produced using any of several stand^^ 
methods (see. e.g:, Ausubel, et al, supra). For example, preferably, the probes mMi 
generated using PGR amplification methods. In these methods, fmrners are desig||ip 
that correspoiui to Esp A-ccms»rved sequences, which can include EspA-specific axninb 
acids, and the resulting PGR product is used as a probe to screen a nucleic acid Ub^j0^ 
such as a cDNA library. A nucleotide sequence encoding EspA was identified geneca|y 
foUowirig this process based upon the analysis of the sequences of EspA in Figures 
4. 

As is known in the ait, PCR primers are typically designed to contain at least 
15 nucleotides, for example 15-30 nucleotides. The design of EspA-specific primcrsi ii 
containing 21 nucleotides, which encode Eq>A peptides containing 7 amino acids, an^ 
described as follows. Preferably, most or all of the nucleotides in such a probe Mccklll; 
EspA-conscrved ammo acids, including EspA*specific amino acids. For example, t^-. 
primers containing sequences encoding peptides containing at least 40% EspA-coa^td 
anuTK) acids can be used. Such a primer, containing 21 nucleotides, can include 
sequences encoding at least 3 EspA-conserved amino acids. Thus, die primer can 
contain sequences encoding at least one EspA-specific amino acid, for example, up tO]7 
E^A-^cific amino acids. Once EspA-q)ecific amino acid sequences are selected as 
templates against which primCT sequences are to be designed, the primers can be 
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synthesized using. e.g., standard chemical methods. As is described above, due to the 
degeneracy of the genetic code, such primers should be designed to include appropriate 
degenerate sequences, as can readily be determined by one skilled in the art. 

As used herein, the tcrai "e^A" refers to polynucleotide encoding the EspA 
polypeptide. These polynucleotides include DNA, cDNA and RNA sequences which 
encode EspA. All polynucleotides encoding aU or a portion of EspA are also included 
herein. Such polynucleotides include naturally occurring, synthetic, and intentionally 
manipulated polynucleotides. For example, a eipA polynucleotide can be subjected to 
site-directed mutagenesis. The espA polynucleotide sequence also includes antiscose 
sequences. All degenerate nucleotide sequences arc included in the invention as long as 
the amino acid sequence of EspA peptide encoded by the nucleotide sequence is 
functionally unchanged. 

This invention encompasses nucleic acid molecules that hybridize to the 
polynucleotide of the invention. As used herein, the tenn "nucleic acid" encompasses 
RNA as well as single and double-stranded DNA and cDNA. The polynucleotide 
encoding EspA includes the nucleotide sequence in ROURE 1 and 4. as weU as nucleic 
acid sequences complementary to tiiat sequence. A complementary sequence may 
include an antisensc nucleotide. When the sequence is RNA, the deoxynuclcotides A. G. 
C. and T of FIGURE I and 4 are replaced by ribonucleotides A, G, C, and U, 
respectively. Also included in tiie invention are fiagments of the above-describcd nucleic 
acid sequences timt are at least 1 5 bases in length, which is sufficient to permit the 
fragment to selectively hybridize to DNA tiiat encodes die protein of FIGURE 1 or 4 
under physiolo^cal conditions. 

In nucleic acid hybridization reactions, tiie conditions used to achieve a 
particular level of stringency will vary, depending on the nature of the nucleic acids 
being hybridized. For example, tiic lengtii. degree of complementarity, nucleotide 
sequence composition (e.g., OC v. AT content), and nucleic acid type (eg.. RNA v. 
DNA) of tiie hybridizing regions of tiie nucleic acids can be considered in selecting 
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hybridization conditions. An additional consideration is whether one of the nuclei(^i^ds 
is immobilized, for example, on a filter 

An example of progressively higher stringency conditions is as follows: 
SSC/0.1% SDS at about room temperature (hybridization conditions); 0.2 x SSCA);1^ 
SDS at about room tmq>eraturc (low stringency conditions); 02 x SSCyO.1% SDSMh|i 
about Al^'C (moderate stringency conditions); and 0.1 x SSC at about 68°C (high '^r' 
stringency conditicms). Washing can be carried out using only one of these ccmdittoj^Ct 
e.g., high stringency conditions, or each of the conditions can be used, e.g,^ for lOrl^ii^ 
minutes each, in the order listed above, repeating any or all of the steps listed. Howeviia', 
as mentimed above, optimal conditions will vaiy, depending on the particular : :yi^|p^ 
hybridization reaction involved, atul can be deterauned empirically. ^'fr; 

DNA sequences of the invention can be obtained by several methods^: Eq£|1 
example, the DNA can be isolated using hybridization techniques vdiich are wellkrk|lii 
in the art These include, but are not limited to (1) hybridization of libraries with protleis 
to detect homologous nucleotide sequences, (2) polymerase diain reaction (PCR) on^^if | 
DNA using primers capable of annealing to the DNA sequoice of interest, and (3) [iSz 
antibody screening of expression libraries to detect cloned DNA fragments widi sharedj^ ^ 
structural features. 'i^iSiSp ^ 

Screening procedures which rely on nucleic acid hybridization make it 
possible to isolate any gene sequence from any organism, provided the appropriate pi^N^ 
is available. Oligonucleotide probes, vMch correspond to a part of the sequence : : 
encoding the protein in question, can be synthesized chemically or produced by S 
fragmentation of the native sequence. Chemical synthesis requires that ^ort, 
oligopeptide stretch^ of amino acid sequence be known. The DNA sequence encodinig 
the protein can be deduced from the genetic code, however, the degeneracy of thecodh^ ; 
must be taken into accoimt. It is possible to perform a mixed addition reaction vriten tfie 
sequence is degmerate. This includes a heterogeneous mixture of denatured double^ i f , 
stranded DNA. For such screening, hybridization is preferably performed on eittier 
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single-stnmded DNA or denatured doublc-stranded DNA. When used in combination 
with polymerase chain reaction technology, even rare expresaon products can be cloned. 

The invention provides nucleic acid sequences encoding the EspA 
polypeptides, vectors and host cells containing them and methods of expression. After a 
peptide of EspA is isolated, nucleic acids encoding the peptide can be isolated by 
methods weU knovm in the art. TTiese isolated nucleic acids can be Ugated into vectors 
and introduced into suitable host ceils for expression. Methods of ligation and expression 
of nucleic acids within cells are weU known in the art (see, Sambrook et al, Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, 
New Yorie, 1989, incorporated herein by referoice). 

As used herein, the terms "e9»B" and "eoeA" refer to genes other than espA 
that encode enteiopathogenic £ co/i-secieted proteins. As used herein, the term "EspB" 
and "EacA" refer to the proteins encoded by the espB and the eaeA genes, respectively. 

The invention provides vectors containing polynucleotides encoding the Eq)A 
polypeptide. For example, the plasmid (pMSD2) with an intact espA can restore 
secretion of the EspA protein in an espA deficient strain. As used herein, "vectors" 
includes plasmids, DNA and RNA viral vectors, baculoviral vectors, vectors for use in 
yeast, and other vectors well known to those of skill in the art. Several types of vectors 
are commercially available and can be used to practice this invention. Examples of 
vectors usefid in the practice of tins invention include those as widely varied as the low- 
copy vector pMWl 1 8, the positive-selection suicide vector pCVD442, and the 
commercially available pBluescript 0 SK(+) (Stragene. La Jolla, CA). 

When tiie vector is a plasmid, it generally contains a variety of components 
including promoters, signal sequences, phcnotypic selection genes, origins of replication 
sites, nd other necessary components as are known to those of skill in tiie art. Promoters 
most commonly used in prokaryotic vectors include the lacZ promoter system, the 
alkaline phosphatase pho A promoter, tiie bacteriophage XPL promoter (a temperature 
sensitive promotor), the tac promoter (a hybrid trp4ac promoter regulated by tiie lac 
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repiessorX the tiyptophan promoter, and the bacteriophage T7 promoter. For exanqp^^ 
the lo w-cojy vector pMW 118 under control of the lacZ promoter. r^^^^P ; 

A signal sequence is typically found immediately 5' to the nucleic acid 
encoding the peptide, and will thus be transcribed at the amino terminus of the fusijdi|jfp|:^ 
protein- 

Typical phenotypic selection genes are those encoding proteins that confc^ 
antibiotic resistance upon the host celL For example, ampicillin resistance grae (an^ 
and the tetracycline resistance gene (tet) are readily employed for this purpose. 
different example, the aphA-Z cassette, encoding a gene for resistance to kanamycih '"fN"^ 
(kan), may be cloned into the region of vector containing polynucleotides encoding,:ti!i^ - 
EspA polypeptide for selection of the vector on kanamycin plates. 

Construction of suitable vectors containing polynucleotides encoding Eq^A: 
polypeptide are prepared using standard recombinant DNA procedures well known tpi,;: 
those of skill in the art. Isolated polynucleotides encoding the EspA polypeptide to beM 
combined to form the vector are cleaved and ligated togedier in a specific order and L 
orientation to generate the desired vector. ^ 

The invention provides a host cell containing a vector having a polynucliec^de 
encoding the E^A polypeptide. The polynucleotides of the present invention can beul^ 
to produce transformed or transfected cells for enhanced production of the expressed ' - 
EspA. EspA can be isolated from transformed cells by standard methods well known; to 
those of ^11 in the art The protein could be isolated, for example, using immunoafiBni^ 
purification. 

DNA sequences encoding EspA can be expressed in vitro by DNA transfer 
into a suitable host cell. Host cells** are cells in which a vector can be propagated 
and its DNA expressed The term also includes any progeny of the subject host cell- 
It is understood that all progmy may not be identical to the parmtal cell since Qus^ 
may be mutations that occur during replication. However, such progeny are included 
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when the term "host cell" is used. Methods of stable transfer, meaning that the foreign 
DNA is continuously maintained in the host, are known in the art. 

In the present invention, the EspA polynucleotide sequences may be 
inserted into a recombinant expression vector. The term "recombinant expression 
vector" refers to a plasmid, virus or other vehicle known in the ait that has been 
manipulated by insertion or incorporation of the EspA genetic sequences. Such 
expression vectors contain a promoter sequence which facilitates the efficient 
transcription of the inserted genetic sequence of tiie host. The expression vector 
typically contains an origin of replication, a promoter, as well as specific genes which 
allow phenotypic selection of tiie transfonned cells. 

Polynucleotide sequences encoding EspA can be expressed in either 
prokaiyotes or eukaryotes. Hosts can include microbial, yeast, insect and mammalian 
organisms. Methods of expressing DNA sequences having eukaryotic or viral 
sequences in prokaryotes are well known in the art. Biologically functional viral and 
plasmid DNA vectors capable of expression and replication in a host are known in the 
art. Such vectors are used to incorporate DNA sequences of the invention. 

Transformation of a host cell with recombinant DNA may be carried out by 
conventional techniques as are wcU known to those skilled in die art. Where tiie host 
is prokaryotic. such as £. coti, competent cells which are capable of DNA uptake can 
be prepared &om cells harvested after exponential growtti phase and subsequentiy 
treated by tiie CaCl, method using procedures v/ell known in the ait. Alternatively, 
MgClz or RbCl can be used. Transformation can also be performed after forming a 
protoplast of tiie host cell if desired. For anotiier example, triparental conjugation may 
be used to genetically introduce vector into E. colt, especially enteropatfiogenic E. coU or 
rabbit enteropatfiogenic £ coli. TTie transformed cells are selected by growtii on an 
antibiotic, commonly tetracycline {tet) or ampicillin (amp), to which they are rendered 
resisumt due to tfic presence offer or amp resistance genes on the vector. In a specific 
embodiment, cells are selected on die basis of resistance to kanamycin and sucrose. 
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When the host is a eukaiyote, such methods of transfection of DNA m,:. 
calcium phosphate oo*precipitates, conventional mechanical procedures such as MiSioK 
injection, electroporation, insertion of a plasmid encased in liposomes, or virus.ye^rs 
may be used. Eukaryotic cells can also be cotransformed with DNA sequmc^ 
encoding ttie EspA of the invention, and a second foreign DNA molecule cnco^^^a 
selectable phenotype, such as the herpes simplex thymidine kinase gene. Another i: 
method is to use a eukaryotic viral vector, such as simian virus 40 (SV40) or bo^w^ 
papilloma virus, to transiently infect or transfonn eukaryotic cells and express iiu^- 
protein* (see for example, Eukaryotic Viral Vectors, Cold Spring Harbor Labc^^^j^ 
Gluzman ci, 1982). J^^Sk 

Isolation and purification of microbial expressed polypeptide, or fragi^^ts 
thereof provided by the invention, m^ be carried out by conventional means 
including preparative diromatography and immmiological sq)arations involvii^ ,^ 
monoclonal or polyclonal antibodies. ^ri? 

Among the prokaiyotic organisms which may serve as host cells are £ cc^^ 
strain JMlOl, £ coli K12 strain 294 (ATCC number 31 £ coli strain W31 10 
(ATCC number 27325), £ coli X1776 (ATCC number 31, 537). £ coli XI^lBlue ^ 
(Stratagene), and £ coH B; however, many other strains of £ coli, such as HBlOt, 
NM522, NM538, NMS39 and many odier species and genera of jHokaiyotes can l;»e juused 
as well. Besides the £ coli strains listed above, bacilli such as Bacillus subtillis^ other 
enterohactcriaceae such as Salmonella iyphimunium or Serralia marcesans and variq^ 
Pj^u^O'inonof species can all be used as hosts. In one specific embodiment, the 
prokaryotic host cell is enteiopatfaogenic £ coli. hi another specific embodiment, the^i 
prokaryotic host cell is rabbit entmpathogenic £ coli. 

Among the eukaiyotic organisms \^ch may serve as host cells are yeast 
strains such as PS23^A, W30M8A, LL20, D234-3, INVSCl, INVSC2, YJJ337. 
Promoter and enhancer sequences such as gal 1 and pEFT-1 are useful. Vra-4 also v^i^^^ 
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provides a suitable enhancer sequence. Sequences useful as functional origins of 
replication include arsl and 2^ circular plasmid. 

The Gram-negative bacteria are a diverse group of organisms and include 
Spirochaetes such as Treponema and Borrelia, Gram-negative bacilli including the 
Pseudomonadaceae, Legionellaceae, Enterobacteiiaceae. Vibrionaceae. Pasteurellaceae, 
Gram-negative cocci such as Neisseriaceae, anaerobic Bacteroides, and other 
Giam-negative bacteria including Rickettsia. Chlamydia, and Mycoplasma. 

Giam-negative bacilli (rods) are important in clinical medicine. They include 

(1) the Enterobacteriaceae, a fiunily A^*ich comprises many important pathogenic genera, 

(2) Vibrio. Campylobacter and Helicobacter genera, (3) opportunistic organisms {e.g., 
Pseudomonas. flavobacterium. and odiers) and (4) Haemophilus and Bordetella genera. 
The Giam-negative bacilli are the principal organisms found in infections of the 
abdominal viscera, peritoneum, and urinary tract, as wdl secondary invaders of the 
respiratory tracts, burned or traumatized dcin, and sites of decreased host resistance. 
Currently, they arc the most frequent cause of life-threatening bacteremia. Examples of 
pathogenic Gram-negative bacilli are £. coli (dianfaea, urinary tract infection, meningitis 
in the newborn). Shigella species (dysentery). Salmonella typhi (typhoid fever). 
Salmonella typhimurnm (gastroenteritis). Yersinia enterocolitica (enterocolitis). Yersinia 
pestis (black plague). Vibrio cholerae (cholera), Campylobacter Jejuni (enterocolitis), 
Helicobacter jejuni (gastritis, peptic ulcer), Pseudomonas aeruginosa (opportunistic 
infections including bums, urinary tract, respiratoiy tract, wound infections, and primary 
infections of the skin, eye and ear), Haemophilus influenzae (meningitis in children, 
epiglottitis, otitis media, sinusitis, and bronchitis), and Bordetella pertussis (whooping 
cough). Fi'ftno is a goiusofmotile, Gram-negative rod-shaped bacteria (family 
Vibrionaceae). Vibrio cholerae causes cholera in humans; other species of Vibrio cause 
animal diseases. £ coli colonize die intestines of humans and wann blooded animals, 
where they are part of the conunensal flora, but there are types of £. coli that cause 
human and animal intestinal diseases. They include the enteroaggregative E. coli 
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(EaggEC), enterohaemonrfaagic £ coli (EHEC), cateroinvasive Kcoli (EEC), ; TlE 
enteropathogenic £ coli (EPEC) and enterotoxigenic £ co// (ETEC). Uropathogec^iM; 
co/i (UPEC) cause urinary tract infections. There are also neonatal meningitis £ cctf^ 
(NMEC). Apart fiom causing similar infections in animals as some of the human oqcss;^ .; 
there are specific animal diseases including: calf septicaemia, bovine mastitis, pcncinel: 
oedema disease, and air sac disease in poultry. 

The Neisseria species include N. ctnerea, K gonorrhoeae, K gottorrho^^^ 
subsp. kochii, N. lactamica, K meningitidis, N. polysaccharea, N. mucosa, N. sicca, N:- 
subjlava, the asaccharolytic species Kflavescens, N. caviae, K cumculi and K ovisT'l^ 
strains of Moraxella (Branhamella) catarrhalis are also considered by some taxonomi es 
to be Neisseria. Other related species include Kingella, Eikenella, Simonsielia, AfysleUa^ 
CDC group EF*4, and CDC group M-S. VeilloneUa are Gram-negative cocci that are tfie 
anaerobic counterpart of Neisseria, These non-motile diplococci are part of the no mfa^ 
flora of the mouth. 

The pathogenic bacteria in the Gram-negative aoobic cocci group include ^ 
Neisseria, Moraxella (Branhamella)^ and the Acinetobacter. The genus Neisseria 
includes two tmpoitant human pathogens. Neisseria gonorrhoeae (urethritis, cerviciti^^' 
salpingitis, proctitis, pharyngitis, conjunctivitis, pharyngitis, pelvic inflammatory disease, 
artfiritis, di ssemiiuited disease) and Neisseria meningitides{mcmng^tis^ septicemia, 
pneumonia, arthritis, urethritis). Other Gram-negative aerobic cocci that were previously 
considered harmless include Moraxella (Branhamella) catarrhalis (bronchitis and 
bronchopneumonia in patients wiA chronic pulmonary disease, sinusitis, otitis media) 
has recently been ^wn to be an common cause of human infections. 

The EspA polypeptides of the invention can also be used to produce 1; 
antibodies which are immunoreactive or bind to epitopes of the EspA polypeptides. 
Antibody which consists essratially of pooled monoclonal antibodies with different 
epitopic specificities, as well as distinct monoclonal antibody preparations are 
IHX>vided. Monoclonal antibodies are made from antigen containing fragments of the 
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protein by methods well known in the art (Kohler, et al.. Nature, 256:495. 1975; 
Current Protocols in Molecular Biology, Ausubel, et al., ed., 1989). 

The tcnn "antibody- as used in this invention includes intact molecules as 
well as fragments thereof, such as Fab. Fab', F(ab% and Fv that can bind the epitope. 
5 TTiesc antibody fragments retain some ability selectively to bind with its antigen or 

receptor and are defined as fr>llows: 

(I) Fab, the fragment that contains a monovalent antigen-binding fragment of an 

antibody molecule can be produced by digestion of whole antibody with the 
enzyme papain to yield an intact light chain and part of one heavy chain; 
,0 (2) Fab*, the fragment of an antibody molecule can be obtained by treating whole 

antibody with pepsin. foUowed by reduction, to yield an intact light chain and 
part of the heavy chain; two Fab' fragments are obtained per antibody 
molecule; 

(3) (Fab% the fragment ofthe antibody that can be obtained by treating whole 
antibody with the enzyme pepsin without subsequent reduction; F(ab-)i is a 
dimer of two Fab* fragments held togcdicr by two disulfide bonds; 

(4) Fv, defined as a genetically engineered fragment containing the variable 
region of the light chain and the variable region of the heavy chain expressed 
as two chains; and 

10 (5) Single chain antibody, defined as a genetically engineered molecule 

containing the variable region of the light chain, the variable region of the 
heavy chain, linked by a suitable peptide linker as a genetically fiised single 
chain molecule. 
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Methods of making these fragments are known in the art. (See. for example. 
Harlow and L^. Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory, 
New York (current edition), incorporated herein by reference). 
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An epitope is any antigenic determinant on an antigen to y/bich the patt^b^ 
of an antibody binds. Epitopes usually consist of chemically active sur&ce grouping^4)f 

V,. ; iiii^LaTr], 'I 

molecules such as amino acids or sugar side chains and usually have specific threct^^iS: 
dimensional structural characteristics, as ^11 as q>ecific charge characteristics. '^'^ J;^ . 

If needed, polycloiud or monoclonal antibodies can be furtlw purifie^^^lE^^ 
example, by binding to and elution from a matrix to M^iich the peptide or a peptide tc|^ : 
\i^ch the antibodies arc raised is bound. Those of skiU in the ait wUliaiow of various ; 
techniques common in the immunology arts for purification and/or concentraticm of^St 
polyclonal antibodies, as well as monoclonal antibodies (See, e.g:^ Coligan, et a/., U|^i>, 
Current Protocols in Immunology^ Wiley Intoscience, current edition, incoiporateAj ^^ 
lefisience). '^^^^^^ ■ 

The invmtion also provides pq>tide epitopes for iise in designing e^^A 
specific nucleotide probes or anti-EspA antibodies. Such probes or antibodies can b(^^ 
used to identify proteins or genes that may be involved in the virulence of otter s 
pathogens, including but not limited to polypeptides or polynucleotides from Gram- 
negative bacteria. . 

The antibodies of the invention, including polyclonal and monoclonal 
antibodies, chimeric antibodies, single chain antibodies and the like, have with the at^Plty 
to Und witfi high immunospecificity to the EspA proteins, pqitides or nucleotide M 
sequences of the invention, or fragments thereof These antibodies can be unlabeled opr^^ 
suitably labeled. Antibodies ofthe invention can be used for affinity purification of 
EapA for exanq)le. Antibodies of the invention niay be employed in known 
immunological procedures for qualitative or quantitative detection of these proteins joi; l 
pq)tides in cells, tissue samples, sample preparations or fluids. Antibodies ofthe 
invention may be employed in known immunological procedures for qualitative or 
quantitative detection of the nucleotide sequences or portions tiiereof 

The invention provides a method for detecting EspA polypeptide in a sasn|^ 
including contactii^ a sample from a subject with an antibody to EspA polypeptide; 
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detecting binding of the antibody to EspA polypeptide. Binding is indicative of the 
presence of EspA polypeptide in the sample. As used herein, the temi "sample" includes 
material derived from a mammalian or human subject or other animal. Such samples 
include but are not limited to hair, skin samples, tissue sample, cultured cells, cultured 
cell media, and biological fluids. For example. EspA polypeptide can be detected in 
HeLa cell (e.g.. human) culture. 

As used herein, the term "tissue" refers to a mass of connected cells (e.g., 
CNS tissue, neural tissue, or eye tissue) derived from a human or oflier animal and 
includes the connecting material and the liquid material in association with the cells. For 
example, rabbit entcropathogenic K coli can be found in the stomach, cecum and colon 
of rabbits. As used herein, the tenii "biological fluid" refers to liquid material derived 
fiom a human or other animal. Such biological fluids include but are not limited to 
blood, plasma, serum, serum derivatives, bile, phlegm, saliva, sweat, anmiotic fluid, and 
cerebrospinal fluid (CSF), such as lumbar or ventricular CSF. 

As used herein, the term "sample" also includes solutions contaming the 
isolated polypeptide, media into which the polypeptide has been secreted, and media 
containing host cells which produce the EspA polypeptide. For example, a sample may 
be a protein samples which is to be resolved by SDS-PAGE and transf<ared to 
nitrocellulose for Western immunoblot analysis. The quantity of sample required to 
obtain a reaction may be determined by one skilled in the ait by standard laboratory 
techniques. The optimal quantity of sample may be determined hy serial dilution. 

In one embodiment, the presence of EspA polypeptide in the sample is 
indicative of infection by entcropathogenic E. coli. In another embodiment, the presence 
of EspA polypeptide in the sample is indicative of infection by enterohemorrhagic £ 
coli. 

Proteins, protein fragments, and synthetic peptides of the invention are 
projected to have numerous uses including prognostic, therapeutic, diagnostic or drug 
design appUcations. Proteins, protein fragments, and synthetic peptides of the invention 
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will provide the basis for preparation of monoclonal and polyclonal antibodies ;;y^ 
specifically immunoreactive with the proteins of the invention. In one embodral|^ihe 
invention provides a method of immunizing a host susceptible to disease caused 
EspA'producing £ co/r, by administering to a host with the polypeptide of cluna||^i^ 
inducing a protective immune re^nse in the host to EspA polypeptide. The irdfei^wo of 
the host by E^iA-producmg organism is thereby prevented. In a more specific 
embodiment, the EspA-producing organism is an £. coli strain. In an even inm|||lcific 
embodiment, the K coli strain is either enteropathogenic or enterohemonfaagtc 

In another embodiment, the invention provides a method of ameliorat^i ^ 
disease caused by EspA*producing organism, by inmiunizing a host with EspA^I^C^; 
polypeptide and inducing an immune response in the host to the EspA polypep^dk*:LM a 
more specific embodiment, the EspA-producing organism is an £ coii strain.^I|||||iiven 
more specific embodiment, the £ coli strain is cither enteropathogenic or : hpS 
enterohemonhagic £ coli. The invention provides a method for detecting espP^/^^^, 
polynucleotide in a sample, by contacting a sample suspected of containing eapi^^ 
polynucleotide with a nucleic acid probe that hybridizes to espA polynucleotide; 
detecting hybridization of the probe with esjc^polyxuicleotide. The detection of ; 
hybridization is indicative of esp A polynucleotide in the sample. ^^^g 

In another embodiment, ihe invention provides an organism with a mut^bd 
espAgene. Preferred organisnas in which an eipA gene may be mutated includeL^pire 
not limited to bacteria. Among the bacteria in which an espA gene may be mutated are 
£ coli. Among the £ coli in which an esp A gene may be mutated are enteropat^j^||ic 
and »terohemonfaagic £ coli. jilg... 

The invention provides a recombinant method for producing espA . . 
polynucleotide, including inserting a nucleic acid encoding a selectable market in|y^ die 
polynucleotide encoding EspA polypeptide. The resulting polynucleotide encodes^a:.^ 
recombinant EspA polypeptide containing the selectable marker. For exanoqple, a^ 
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selectable marker may be a hopes simplex vims (HSV) tag. for which there are 
commercially available antibodies. 

The ii»vention provides a recombinant method for producing EspA 
polypeptide, by growing a host cell containing a polynucleotide encoding EspA 
polypeptide under conditions which aUow expression and secretion of EspA polypeptide; 
and isolating the polypeptide. Methods of producing polypeptides and peptides 
recombinantly are within the scope of this invention. As used herein, the tcmi 
"conditions which allow expression and secretion" refers to suitable conditions such that 
the nucleic acid is transcribed and translated and isobiting tiie polypeptide so produced. 
The polypeptide produced may be a protein secreted into tiie media. Media includes a 
fluid, substance or organism where microbial growth can occur or where microbes can 
exist. Such environments can be, for example, animal tissue or bodUy fluids, water and 
other Uquids, food, food products or food extracts, and certain inanimate objects. For 
example, microbes may grow in Luria-Bertani (LB) media. It is not necessary that the 
environment promote the growth of the microbe, only that it permits its subsistence. 

The invention provides a method to identify a compound which inhibits 
bacterial type ffl secretion systems, by introducing tiie polynucleotide encoding a 
selectable marker mto bacteria having a bacterial type ffl secretion system; growing the 
bacteria under conditions which allow growth of bacteria and secretion of the polypeptide 
encoded by the polynucleotide; contacting a compound suspected of inhibiting the 
bacterial type ffl secretion system with tiie bacteria; inducing the expression of the 
polypeptide; and detecting the secretion of tiie polypeptide. In die practice of the 
metfiod, a hick of secretion is indicative of tiie inhibition of bacterial type ffl secretion 
systems. As used in tiiis invention, the term "type ffl secretion" and "type ffl secretion" 
patiiway refer to a specialized machinery to export molecules across a cell membrane. 
Exporting molecules across a cell membrane is a process critical for moving virulence 
factors to die surface where tiiey can interact witii host cell components. Tlie type ffl 
secretion patiiway uses adenosine triphosphate (ATP) as an energy source. Hie type lU 
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secretion patfiway is different than other secretion pathways found in Grain-negatry¥|ili 
bacteria, although it is homologous to flagella and filamentous phage assembly geii^ifl| 
does not resraible any mammalian pathwiy. It is alwi^ associated with disease : ^^rr 
production. The virulence factors secreted by the type in secretion pathway vary betvpifi 
pathogens, although components of the type IQ secretion machineiy are initerchang^iiij^^ 
at least fi>r Salmonella, Shigella^ and Yersinia. : 

Fur&cnnore, the polypeptide or nucleotide sequences of the invention dttill 
used to identify compounds or compositions which interact (e.g.^ bind) with them and & 
affect their biological activity. Such effects include inhibition or stimulation of EspA - 
activity or se^etion. 

The invention provides a method for producing a nonpathogenic orgaiu»»^li^ 
generating a mutation in a polynucleotide encoding EspA polypeptide; inserting aj 
acid sequmce encoding a selectable marker into the site of the mutation; 
mutated espA polynucleotide into a chromosomal espA gene of an organism to piodv^li[ 
mutation in the chromosomal espA gene; and selecting organisms having the mutatiiiqilT 
As used herein, the tocm ^^mutation" refers to a change in the nucleotide sequence t^w^il: 
gene, in particular, the polynucleotide encoding EspA polypq)tide. Mutations iricludiW 
mutations producing EspA polypeptide with a dififerent amino acid sequence, rnissenaiPi 
mutations Oticiuding fiame shift mutations), nonsense mutations (including icnockXHitl^l 
mutations), and recombinant genetic techniques which produce fusion proteins ' 
containing part of the EspA polypeptide. In one embodiment, the nucleic acid sequmqe 
encoding a selectable marker encodes resistance to kanaraycin. For exan^>le, ihc i^pi^^ 
cassette, encoding a gene for resistance to kanamycin {kan), may be cloned into the 4 
polymicleotides encoding the EspA polypeptide for selection of the mutated espA 
polymideotide on kanamycin plates to produce a knockout nmtatiorL 

Preferred organisms in which to practice the invention include but are not ! 
iinuted to bacteria. In another embodiment, the organism which is used to generate a ? - 
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mutaUon in a polynucleotide encoding EspA polypeptide is £ coli. Among the £. co/i 
that may be tiansfomied are enteropathogenic and enterohemoiihagic £ coli. 

The invention provides a method of activating tyrosine kinase activity in a 
host cell by adding both mutant espA-dcficicnt organisms that express Eae polypeptide 
and mutant eaeA-deficient organisms that express EspA polypeptide to a host cell and 
binding the bacteria to the host cell, thereby activating host cell tyrosine kinase activity in 
the cell. In one embodiment, the activation of host cell tyrosine kinase activity in the cell 
causes the tyrosine phosphorylation of a 90 kilodalton host membrane protein, Hp90, and , 
fluxes ofintracellular inositol phosphate (IP,) and calcium. For example, an eaeA 
mutant can be used to complement an espA mutant for invasion when these two mutant 
strains were used to co-infect HcU ceUs. The invention thus provides a useful scientific 
method to investigate pathogmesis by cell biology. 

This invention includes a kit containing one or more antibodies of the 
invention as well as a nucleotide based kit In one embodiment, the kit is usefiil for the 
detection of EspA polypeptide and is a canicr means compartmentalized to receive in 
close confinement a container containing an antibody which binds to EspA polypeptide. 
As used herein, a "container means" includes vials, tubes, and the like, each of the 
container means comprising one of the separate elements to be used in the method. 
In one embodiment, the antibody which binds to EspA polypeptide is detectably labeled. 
In a more specific embodiment, the label is selected from the group consisting of 
radioisotope, a bioluminescent compound, a chemilumincsceni compound, a fiuoresccnt 
compound, a metal chelate, and an enzyme. 

In another embodiment, the kit is usefiil for the detection of an espA 
polynucleotide and is a carrier means compartmentalized to receive in close confinement 
a container containing the nucleic acid probe that hybridizes to espA polynucleotide. In 
one embodiment, nucleic acid probe that hybridizes to espA polynucleotide is detectably 
labeled. In a more specific embodiment, the label is selected fi«m the group consisting of 



-26- 



SUBSTTTUTE SHEET (RULE 26) 



wo 97/40063 PCT/CA97MIMS 



radioisotope* a bioluminescent compound* a cbemiluminescent compound, a fluore^eai 
compound, a metal chelate, and an enzyme. ':\^f 
Since EspA is a secreted protein, it is useful as a fusion partner for cloniiaiQ^ 
and expressing other peptides and proteins. For example, EspA fused to a pn)tein of 9 



interest is recombinantly produced in a host cell, e.g. , £ coli, and the fusion protein j^f^l^ 
secreted into the culture media in uiiich the transfomed host is grown. The fusion -Sffi 
protein can be isolated by anti-EspA antibodies followed by cleavage of EspA fiom 
pq)tide or protein of interest EUSA or other inununoafiinity methods can be usod ipii^ 
identify the EspA fusion protein. The invention i»ovides a method of producing ahl^i 
fusion protein including growing a host cell containing a polynucleotide encoding 1^^^ 

operably linked to a polynucleotide encoding a polypeptide or peptide of intere^ undpl 

■ ■ ■■^^■#H-:?^" 

conditions which allow expression and secretion of the fusion polypeptides and isotedfig 
the fusion polypeptide. The term "operably linked or associated" refers to fimctioiiai^il 



linkage between a promoter sequence and the stmctural gene or genes in the case oif p'^ 
fusion protein, regulated by the promoter nucleic acid sequence. The operably linfcaI|S- 
promoter controls the expression of the polypeptide encoded by the structural gene (e^ 
the fusion protein). 



The following examples are intended to illustrate but not limit the invendrai 
While they are typical of those that might be used, other procedures known to those IE 
skilled in the ait may alternatively be utilized. 

Example 1 

DNA Sequence Analys is of the EnteroDathogenic E. coIies pA Cgnp 
The purpose of this Example is to characterize espA, a gene responsible fe 
the attaching and efl&cing activity of enteropathogenic £ coli. The espA gene encodes 
the 25 kilodalton secreted protein and is located on the enteropathogenic E. coli genome 
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in the Locus of Enterocyte Eflfacement between eaeA and espB, two loci requited for 

intimate adherence. 

The DNA sequence of the enteropathogenic E. coli Locus of Enterocyte 
Effacementbetween«i.Aand«pBwasdeteimined. DNA sequencing was performed 
as follows: ITk: Sall-Bgffl DNA fragment of the Locus of Enterocyte Effacement 
spanning from within «eA to upstream (S") of espB was cloned into the commercially 
available plasmidpBluescript to create the plasmidpLCL109. A series of nested DNA 
deletions was made from the end of the plasmid pLCLl 09 closer to the eaeB gene. 
These DNA deletions of plasmid pLCL109 were used as templates to determine the 
nucleotide sequence of both strands of DNA using oligonucleotide primers synthesized 
as needed. [a-«SldATP. and the Sequenase enzyme. DNA sequence data were analyzed 
with the package developed by the Genetics Computer Group of the Univendty of 
Wisconsin. 

Analysis of the DNA sequence showed three open reading frames. The ammo 
acid sequence predicted by the DNA sequence at the 5' end of the second open reading 
frame (e.pA) was identical to the amino-temiinal sequence of a protein with an M. of 
approximately 25 kaltonsecretedbyenteropathogenic^co//. No proteins with similar 
sequences were detected in a seareh of the Genbank -iatabase using the TFASTA. 
Therefore the e^pA gene encodes the secreted enteropathogenic £ co/, protem. 

Hie predicted molecular weight of the entire protein encoded by eipA is 
20 468daltons(Fig. 1). No leader sequence precedes the amino-temiinus of the reported 
secreted product. A strong consensus ribosome binding site ends seven nucleotides pnor 
u, the start codon. Eleven of the first nineteen residues at the amino-termmus were 
predicted to be serine or threonine. 
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Example 2 

CoMtractifln of a MntetiDii in an ggpA Gme on a Plimnid and op m f^ifjQf^^^g: 
The purpose of this Example was to construct a mutation in an espA Boa^t^ 
the chromosome of an oiganisnt The purpose of this Example was to construct a 
mutation in an espA gene on a plasmid. The plasmtd can then be used to create ^^^^M"^ 
mutations in the espA gene of other organisms. Plasmids with a nonpolar mutation in$;r 
espA gene were constructed. Furthetrnore, a inutarit bacterial strain with a iumpola|[^^ 
mutation in its chromosomal ejpA gene was generated. . 

An e^^A gene with a nonpolar mutation is described in FIGURE 2. The lypj^ 
of the polymerase chain reaction (PCR) generated a deletion with restriction sites tfiiPl 
allow an aphA-3 cassette, encoding resistance to kanamydn, to be cloned into the dd^sd 
region. This cphA-3 cassette is preceded (S*) by translation stop oodons in all three . 
reading fiames and iirunediately followed (3*) by a consensus ribosome binding site a 
start codon. The insotion into the espA gene was engineered to retain the reading fiame 
of tte 3' end of espA and to therefore allow unaffected transcription and translation ofl ' 
downstream (3*) genes, DNA sequencing confirmed the reading fiame of the mutatipQ, 
The construction of a nonpolar mutation in the ^spA gene on a plasmid wjls^ 
performed by the polymera^ chain reaction as follows: The PCR template was plassdul 
pLCLl 14, containmg the Clah BglH fiagment of pLCL109 cloned into pBluescript e 
Two pairs of primers were used, the univ^sal primer with Dorme-99 and the revcfse 
primer with Donne-100. Oligonucleotides Donne-99 and Donne-IOO are nucleotides - 
4157 through 4140 and 4297 through 4324 of the Sall^BgUI fiagment. respectively. For 
cloning purposes, an Nrul restriction site was cngme^cd into the 5' end of both 
Donne-99 and Donne*! 00. Oligonucleotides were constructed at the Biopolymer 
Laboratory ofthe University ofMaiyland at Baltimore. PCR was performed on 
samples in a tninic^er. The PCR reaction was thirty cycles of DNA denaturation at 94*C 
for one mmute, annealing to the primers at 55**C for two minutes, and polynucleotide 
extension at 72^ for three minutes. The two resulting amplified fragments amplified 
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were each cloned into the conuneicially available plasmid pCRscript to create pLCll 19 
and pLCL120. respectively. The insert of pLCLI20 was then cloned into pLCLll9 using 
SaU and Nnil to create pLCLI21 containing the desired deletion. The 850 base pair 
aphA'3 kanamycin resistance cassette flanked by Smal sites was then inserted into the 

ArruIsiteofpLCL121. 

The mutated espA allele was cloned in the positive-selection suicide vector 
pCVD442 and introduced into wild-type cntctopathogpnic R colt strain E2348/69 by 
allelic exchange. A espA mutant bacterial strain was constructed as follows: The Sail - 
Sad ftagment fiom the plasmid with the ephA-3 kanamycin resistance which contained 
the intenupted espA gene was cloned into positive-selection suicide vector pCVD442 in 
DHSapir for introduction into E2348/69 by triparental conjugation or by electioporation 
in 0.1 cm cuvettes with an E coU pulser set at 1 .8 kV. 

An c5pA mutant was selected on modified LB kanamycin plates. The 
resulting enteropathogenic £ coli mutant strain. UMD872. was resistant to sucrose and 
kanamycin, and sensitive to ampiciUin. PGR amplification using the two primers 
flanking the mutation, Donne-52 and Donne-73, confirmed the constmction of the espA 
mutation. Bacteria were stored at -70^ in 50% LB broth/50% glycerol (vol/vol) and 
grown on LB agar phitcs or LB broth with chloramphenicol (20Mg/ml), ampicilUn (200 
Mg/ml). naUdixic acid (50 Mg/ml), or kanamycin (50 ;/g/ml) added as needed. 

pj^^.p|y«T. «f rt, P Pnteronaflio r"'" " ^''"'^ Abolishes Secretion of ftt 

Fji pA Protein. 

The purpose of this Example was to identify the protein encoded by the espA 
gene. A comparison of the nino-terminal sequence data of the EspA protein agreed 
with the translated«5pA gene sequence. To confirai this result, the espA deletion mutant. 
UN!D872, was grown in radiolabeled tissue culture media. TTie deletion of the espA 
gene results in the loss of the 25 kilodalton radiolabeled secreted protein. TOs result was 
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coafinned by immunopiecipitation using an and-EPEC antisera ^ch reacts wi%|b§^ 
secreted EspA proteiiL Western analysis using anti-EPEC antisera diowed no 25 iSil 



kilodalton secreted protein* Secretion of the EspA protein was restored \^en the es^^ 
deficimt strain was transformed a plasmid (pMSD2) with an intact ejpA. The increaseid 
production by the hact^a of EspA protein encoded by the plasmid reduced the secfi^ii|^ 
of the other }»oteins by the type ni secretion pathway. 



Example 4 

Entcropathogenie £ coU EspA Is Required for Invasion of Cnitn rcd Epithe%|^g B« 
The purpose of this Example was to examine whether the enteropathogooi^l 
coli EspA protein is involved in epithelial cell invasion. EspA iHotein is needed fery^ A' 
triggering the host signal transduction pathway and invasion of host cells. 



Monolayers of an epithelial cancer cell QieLa) were infected for three hours: 
with either parratal wild^lype or espA irmtant enteropathogenic R coli strains. Tlie^^^if 
number of adherait and intracellular (Le., invasive) enteropathogenic R coli was 
determined. The absolute number of bacteria adherent to HeLa cells varied between: ! i 
strains, according to the diffoent growth rates between the mutant arul parental : : 
enteropathog^c R coli strains. While the e^A mutant strain UMD872 adheres JiM^ 
efficiently to efnthelial cells, it is deficient for invasion. However, UMD872 invad^i 
HeLa monolayers at near wild-type levels v*en the espA gene was genetically £S 
complemented by the plasmid pMSD2, which encodes an intact e^^A gene. 

Co-infection experiments of HeLa monolayers were carried out to detexnun^ 
whether the invasion defective bdiavior of bacterial strains with mutations in either J J 
espAf eqfB^ and eaeA could gmetically complement each other in trans to mediate 
subsequent invasion. The eaeA bacterial mutant strain activates signaling but laclus : ^I^^^^ 
intimate adherence. Signaling mediated by an eaeA mutant strain allows an espB 
deficient strain to enter epithelial cells, but not the converse. The eaeA mutant 
complemented an espA mutant for invasion when these two mutant strains were used to: 
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co-infect HcLa cells, but there was no increase in invasion of the eaeAk. mutant strain. 
Indeed, the signaling induced by the more adherent eaeA mutant lead to the increased 
uptake of the e^A mutant Co-infection with espA and espB deleted strains did not 
enhance invasion of either strain, shovtdng that e^A and espB do not complement each 
odier. 

Co-infection experiments demonstrated tfiat like espB, the espA mutant 
behavior was complemented by eaeA but not the reverse, tadeed, the signaling generated 
by the more adherent eaeA mutant lead to the increased uptake of the intimin expressing 
cjpA mutant hi contrast, neither the espA nor the espB mutant stram could complement 
each other, implying that both proteins may act together at the same step to induce 
epithelial signaling. 

RMmole S 

|r,.p ^ VM^ntiml to Ia« iui« Skmal Trf T'«'«"gti«° Evg°fa Epithelial Cells. 
The purpose of this Example was to deteraiine whether EspA is essential to 
induce signal transduction events in epithelial cells. Enteropathogenic E. coli induce 
tyrosine phosphoiylation of a host cell 90 kilodaiton membrane protein and subsequent 
accumulation of phosphoiylated proteins, actin. and other cytoskeletal components 
beneath adherent bacteria. The ability of an espA mutant defective for invasion to 
induce these two signaling events in mammalian cells was examined. Unlike wild-type 
enteropathogenic £ coli, the espA mutant strain UMD872 was unable to induce 
lAosphorylation of host Hp90. Tlie abiUty to induce this phosphorylation event was 
restored by a plasmid (pMSD2) that encodes the EspA protein. 

The adherence and invasion assays were perfoimed as follows: 10* HeLa 
cells grown in DMEM were infected with the various enteropathogenic £. coli strains 
(m.o.i. 1 : 100) for three hours. HeLa ceUs were grown at 3rC with 5% CO, in 
Dulbecco's Minimal Eagles Medium (DMEM) supplemented with 10% (vol/vol) fetal 
calf serum. Monolayers were washed thrice in phosphate-buflfered saline before lysing ii 
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1 % Triton (voIAfoI) in phosphate-bufifered saline and plating out serial dilution on ]|y||^i| 
agar plates. For invasion assays the washed monolayers were incubated with gen^&Ipi 
(lOO^g/ml) for one hour to kill external bacteria before washing, lysing and platii^!|4i|: 
HeLa cell monolayers were infected for three hours with wild-type or mtj^iit 
enteropathogenic E coli strains. The epithelial Triton X-IOO soluble and insoiuUe^^j 
proteins of HeLa cells were isolated. Protein samples were resolved by SDS-PAGEl^ 
transferred to nitrocellulose jmor to probing with anti*phosphotyn>sine q)ecific 
antibodies. -■M 



The isolation of enteropathogenic £ co/i-secreted proteins and HeLa cdtop^ 
proteins was accomplished as follows: Tissue culture plates were seeded ovenu^t;^^^ 
10^ HeLa cells. Before infection, the media was replaced v^thDNfEM minus : 



methionine/cysteine containing cycloheximide (1 00 ^g/ml). HeLa cells were growo^^^ 
37^ with 5% CX>, in DMEM si^plemented with 10% (voIAfol) fetal calf scnmu 
&iteropathogenic K coli was added (nLoi. 100: 1) and incubated for 2.5 hours at 37^j|i 
5% COj incubator before adding 200 \ig/m\ '^S cysteine/methionine for 30 ininuteljilije 
culture supernatant was removed and the bacteria pelleted by centrifugation (18»0QCbc^ 
1 0 minutes). The supernatant secreted proteins were precipitated by the addition of IM 
cold trichloroacetic add (10% voWoI) and incubated on ice for 60 minutes. Piotdunsl^^^^^ 
were pelleted by centrifugation as above and resu^iuled in Laemelli sample buffer. 
Sanq)les were resolved by 12% SDS-PAGE and protein profiles examined by -1- 
autoradiography or transferred to nitrocellulose prior to probing with anti-EPEC 
antibodies. ^--rmmi. 

All enteropathogenic K coli strains exhibited a tyrosine pho^)horylBted 8 j^l^ 
kilodalton jnotein Ep8S in the insoluble fraction, confirming the presence of the 
enteropathogenic £. coli strains on the monolayer. u v 

HeLa phospfaotyrosine proteins were arudyzed as follows: Infected HeLa ^ 
monolayers were washed thrice with ice cold phosphate-buffered saline prior to lysis inV 
1% Triton X-IOO in the presence of protease inhibitors. The Triton insoluble and sd«^ 
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fiaction were isolated, icsuspcnded in LaemeUi sample buffer, and analyzed for the 
presence of phosphotyiosine proteins by Western immunoblot analysis witfi 
anti>phosphotyiosine antibodies. 

Examination of infected HeLa cells by immunofluorescence microscopy with 
fluorescently labeled anti-phosphotyrosine antibodies or ihodamine-phalloidin showed 
that, unlike wild-type parental enteropathogenic E. colU the espA mutant did not 
accumulate tyrosine phosphoiylated proteins or cytoskeletal actin beneath the adherent 
microcolonies. However, phosphotyrosine and actin accumulation could be restored by 
using a strain carrying the espK gene on the plasmid pMSD2. 

Immunofluorescence miaoscopy was performed as follows: HeLa cells 

which were seeded on round glass cover slips were infected with enteropathogenic £ coli 
or a mutant stram for three hours. The monolayers were then washed and fixed in 2.5% 
paraformaldehyde prior to staining for filamentous actin (using phallodin-rhodamine) or 
with anti-phosphotyrosine antibodies with an appropriate secondary fluorescein 
conjugated antibody. 

f ;xamDlc 6 

rh.r,.teri«it»o- »f i>«hhit Knter «r«*»'" r*"i«^ ^ fflPEC-n Secreted Vinilynye 

pm*f ina. EgpA and EsoB 
The purpose of this Example was to investigate the structure of EspA and 
EspB in rabbit enteropathogenic E. coli (RDEC-1). Hic espK and ejpA genes were 
cloned and their sequences were compared to those of enteropathogenic E. coli (EPEC). 
The EspA protein showed some similarity (88.5% identity). The EspB protein was 
heterogeneous in internal regions (69.8% id- rity). but was identical to one strain of 
cntcrohemoirhagic £ co/i (EHEC). 

Cloning and sequence analysis ofesph and ejpB genes was done as follows: 
The DNA fragment encoding RDEC-1 espK and espB was obtained by PCR from 
RDEC-l chromosomal DNA using primers derived from the published sequence of 
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enteropathogenic K colL Vent I>NA polymerase was used for PGR to amplify ^811 
chromosomal DNA ftom RDEC-1 and enteropathogenic £ coli strsCins. The PGR 
reaction was canicd out fi>r thirty cycles of denatutation at 94*^0 for one minute^ v^lHp 
annealing at SS'^C fin- one nunute, and eloi^ton at 72X for two nu^ The n^iii^lg 
4.3 kilobase pair product was ligated into the commercially available plasmid pBlt^^j|>t 
and iwth strands were sequenced. DNA sequencing was done as follows: The 43 
kilobase pair DNA fragment encoding the espA and espB genes was amplified by 
using the primm AA01(+) and MSI 1(-X and RDEC-1 chromosomal DNA as the VJt^; 



template. The resulting blunt end fragment was di^sted with Sail and cloned into ib^l, 
Sall-Smal site of the conunerctally available plasmid pBluescript-II SK (+). The DMA' 
sequence of RDEC-1 espA and both strands using &e commercially available Taq ''.^r 
DyeDeoxy kit (figure 3) |(|| 

Two open reading frames were found in the cloned region and these DI^ 
sequences were similar to enteropathogenic £ coli espA and espB. The predicted; 
molecular wd^ of RDEC-I EspA (192 amino acids) wis 23^33 dalton, and RI^KSIz 
EspB (314 amino adds) was 33^19 dalton. RDEC-1 EspA was somewhat similar t|lp 
of enteropaAogmic K coli with 88.5% identity (Figures 4A and 4B). 

In an unexpected result, RDEC-1 EspB protein was identical to the recoxtl^l 
r^rted EspB from mterohcmorrfaagic £ coli strain 413/89-1 serotype 026, wfaidiii^^ 
originally isolated from a calf and also isolated from patients with hemolytic uraemic - 
syndrome* although two nucleotide dififerraces occuned at positions 1 2 (T to C) apd 
base pair (G to T). Furthennore, RDEC-1 EspB showed 70.3% enc. 69.8% identity i 
respectively to that of enterohemonhagic R coli seroQrpe 0157 and enteropathogei|u^ 
coli strains. Small sequence deletions were found in RDEC-1 and enterohanonhagicd& 
coli (sero^ 026 and 0157) EspB at the same positions wiien compared to the 
enteropathogenic K coli sequences (Figures 4A-C). 

These results ^ow that RDEC-1 encodes espA and espB genes, and that tfie 
predicted EspA polypeptide is highly conserved in RDEC-1 and enteropathogenic £ cCflL 
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However EspB is more similar to that of enteiohemoitiiagic E. coli rather than 
enteropathogcnic £ coli. An open reading fiame dovwistream (3*) fiom esph shovvcd 
similarity to enteiopathogenic £ coli EspD, a secreted protein that modulates EspB 
secretion and is needed for triggering of host signal transduction pathways (EMBL 
GenBank data. Accession No. Y09228). Tliese results show that cjpD is also located 
between eipA and ei^yBinRDEC-l. 

ri..».rf>r fr^tinn of RDF .r-| KmA and EspB 
The puipose of diis Example was to investigate the function of EspA and 
EspB in rabbit enteiopathogenic E. coll (RDEC-l). Mutations in RDEC-1 ejpA and 
c^B revealed that the RDEC-1 gene products arc essential for triggering of host signal 
transduction pathways and invasion into HeU cells. Complementation with plasmids 
containing enteiopathogenic K coli espA and espB into RDEC-1 mutant strains 
demonstrated that they were fimctionaUy interchangeable, although the enteiopathogenic 
£ coli proteins mediated higher levels of invasion. Furthermore, maximal expression of 
RDEC-1 and enteropathogcnic £ coli secreted proteins occuired at their respective host's 
body temperatures, which may contribute to lack of enteropathogcnic £ coli infectivity 
in rabbits. 

To confirm the role of RDEC-l espA and espB in host epithelial signal 
transduction pathways, a non-polar stop codon mutation was engineered into wpA and 
espB. Two suicide vectors were constructed and introduced into the RDEC-1 wild type 
strain by back conjugation. Hie resulting mutant strains. AAFOOl AA (EspA ). 
AAFOOl AB (EspB ), and double mutant strain AAFOOl AAB (EspAVEspB ) were 

confinned by Bgin digestion. 

The construction of the non-polar stop codon mutations in RDEC-1 ejpA and 
eipB genes was perfoimed as follows: TTie 2.7 kilobase pair DNA fragment of the Locus 
of Enterocyte Effacemcnt encoding the espA and esph genes was amplified by PGR 
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using the primers BK25(+) and MSI1(-), and pORF123B as the DNA template. Thc^^ie 
resulting blunt end fragment was digested with EcoRI and cloned into the EcoRI-Sn^l" 
site of pBhiescript n SK(+) vector to obtain pORF23B. A LI kilobase pair EcoRI^^ 
DNA fragment from pORF23B containing e^h was cloned into the EcoRI-BamHI she 
ofpBluescriptIISK(+) to obtain pORF23. r^^gg. 

To constrwrt a non-polar mutation in espA^ inverse PGR was carried out jo^Dlg 
the Aes|>A(-0 and AespA(-) primers which contain a Bgin restriction site and a stop 
codon using circular pORF23 as a DNA template. The PGR product was then blimt JB^^ 
ligated to obtain pORF23 A The resulting plasmid contained a stop codon and a Bgtn:Mte 
235 base pair downstream (3*) from the espA start codon, which was confirmed by 
sequencing. The LI kilobase pair Sall-SacI DNA fragment containing the espA mu^km 
from pQRF23A was inserted into Ae same sites of the suicide vector pCVD442, 
contains the sacB gene for positive selection and an ampicillin resistance gene, to olMith 
pAA23A. The resulting plasmid was introduced into E. coli SMlOApir and bwdc 
conjugated into RDEC-1 harboring pACYC184. ^; r 

For the non-polar mutation in e^^B, inverse PCR was carried out using thelf;. 
AespB(+} and AespB(-) primers, and pBxb as a DNA template. pBxb contains the L4 
kilobase pair Xbal fragment from pORF23B encoding cloned into the pBluescai|jt 
vector. The resulting PCR product was self-ligated to obtain pBxbA that contained a 
codon and a Bgin site introduced by the AespBO and AespB(+) primers. The re$ultaii;g 
esp gene inpBXbA was deleted by 250 base pair, starting 154 base pair downstream (3^ 
ofthe^^B start codon. The LI kilobase pair Sall^Siu^I site DNA fragment containii^ t 
the espB mutation from pBxbA was inserted into the same site of the pCVD442 to <4;lain 
pAABxbA The resulting plasmid was transformed into £ coli SMIOApir and back ^ . : 
conjugated into RDEC-1 harboring pACYC184. To establish double mutations in eggj^^ 
and espBy pAABxbA was introduced into AAFOOl AA (EspA") strain. Three RDEC-i 
non-polar mutant strains were confirmed by their phenotypes which maintain resistamSe 
to sucrose and chloramphenicol and sensitivity to ampicillin. To confirm the stop cocfon 
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insertions in e^A and e^B, chromosomal DNA was prepared fiom each mutant strain 
and PGR was perfonned with primers encompassing fte esp genes. The resulting PGR 
products were digested with BgUI to confinn the presence of this engineered restriction 
site. The mutant strains containing the stop codon in espA or/and espB were designated 
as AAFOOl AA (EspA). AAFOOIAB (EspB ) and AAFOOIAAB (EspATEspB). 
respectively. 

Mutations back to wild type C'back mutation") were made to confirm that 
suicide vectors do not affect reactive flanking region or other loci. Two back mutant 
strains were obtained by bans conjugation of the suicide vectors pAA23 and pAABxb 
into AAFOOl AA (EspA ) and AAFOOIAB (EspB ) strains. The resulting back mutant 
strains, AAF003 and AAF004, were confimied by PGR and BgUI digestioa The 
construction of back mutations in EspA and EspB strains was done as follows: The 1 .1 
kilobase pair Sall-SacI DNA fragment fiom pORF23 contaming e^pA was inserted into 
the SaU-SacI sites of pCVD442 to obtain pAA23. The 1.4 kilobase pair Sall-SacI 
fragment of pBxb was inserted into the Sall-Sacl site of pCDI>442 to obtain pAAFBxb. 
pAA23 and pAABxb were introduced into SKUpir and bans conjugated into AAFOOl AA 
and AAFOOl AB. The resulting bade mutant strains were confimied as described above 
and designated as AAF002 (EspA+) and AAF003 (EspB+). 

The cloning of the enteropathogenic £ coli espA and eipB genes was done as 
follows: The 2.8 kilobase pair DNA fragment encoding espA and espB was amplified by 
PGR using the primers EespA(+) and EespB(-) with enteropathogenic E. coli 2348/69 
chromosomal DNA as the template. This fragment was digested with BamHI and Sail 
and introduced into the BamHI-Sall site of the low-copy vector pMWl 1 8 under control 
of the lacZ promoter, to obtain pMWespAB. pNfWespAB was digested with Bgffl which 
has a restriction site in espD open reading frame, blunt ended with Klenow fragment, and 
then sclf-ligated to obtain pMW6espD. pMWespAB was also digested with BglE and 
BamHI, and then self ligatcd to obtain pMWespB. The PMWespAB was digested with 
Bgin-Sall, and filled with Klenow Fragment, then self-ligated to obtain pMWespA. 
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The secretion piofite of RDEC-1 and its mutant strains in tissue cultiml^ta 
was analyzed. Enteiopathograic £ coli secretes five proteins, 1 10 kilodalton (E^^^^^ 
kUodatton, 39 kilodalton, 37 kilodalton (EspB), and 25 kilodalton (EspA) in cultml 
medi& RDEC-1 showed a similar seoetion profile, except it did not secrete a pnit^cu^ 
equivalent to EspC. EspC is not required for enteropathogenic £. coli induction oijE^t^ ; 
signal transduction pathways. Although two secreted proteins (40 and 39 Idlodatiogi)^^^ 
were difficult to resolve, fliese proteins could be resolved using different conditk^^^ 
SDS-PAGR RDEC-1 secreted two proteins with similar mobility to enteropathoffi^fil^ 
coli EspA and EspB. 

RDEC*1 secreted proteins were prepared as follows: Bacterial overnight 
cultures were diluted 1 : 100 into DMEM and incubated to an optical den^ty of L^p^ 
tun (OO600). For ROEC-I mutant strains containing enteropathogenic £ coli esa^m^ 
espB recombinant plasmids, isoprop^thiogalactoside (IPTG) was added in DMESIIE' 
induce transOTptiorL Bacteria were renM>ved by centiifijgation (18,000 xg, 10 num^l^ 
and the supernatant precipitated by addition of 10% ice-cold trichloroacetic acid, o^Re^ 
incubated on ice for one hour. After centrifiigation, Ac pellets were resuspended in 3 
Laemmli samfrie bufifer and analyzed by 1 2% SDS-PAGE. 

Both E^A and EspB proteins cross-react to anti-enteropathogenic £ 
EspA and anti^toopaihogenic £ coli EspB antisera in Western inmmnohlots, \ '^W:^ 
20 indicating that RDEC-1 also secretes EspA and E^B proteins. Rabbit polyclonal tll^V 

antibodies against enteropathogenic £ coli EspA and EspB were used in Western blc^-^ 
Mutant strains AAFOOl AA, AAFOOIAB, and AAFOOl AAB lack secreticm;^ 
EspA, EspB, and EspA/EspB proteins, respectively, as judged by their secretion p^y^tM 
and Western blot analysis. EspB, ^lose gme is located downstream (3*) fcom ejpA^^il^ 
25 still secreted in Oe mutant strain AAFOO AA (EspA ), indicating that the stop codon 

insertion mutation does not affect downstream gene e)q}re$$ion. These results also 
confirm that RDEC-1 EspA and EspB proteins arc encoded by the sequences we 
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designated as espA and espB. Furthermore, the two back mutant stiains AAF002 and 
AAF003, that were originally derived fiom AAFOOl AA (EspA ) and AAFOOl AB 
(EspB ), now expressed the parental secreted proteins indicating that each non-polar 
mutation in AAFOOIAA and AAFOOIAB is as predicted, and does not affect downstream 
genes and other loci. Although the mobiUties of RDEC-1 EspA and EspB in SDS-PAGE 
were slightly faster than that of enteiopathogcnic E. coH. the calculated molecular masses 
of IlDEC-1 EspA and EspB were greater than that of entcropathogenic K coli. 

The amount of the other secreted proteins were decreased in the EspA , EspB", 
EspAVEspB- strains when compared to wild type RDEC-1 strain. Furthermore, the 
decrease of detectable secretion of the 40 kilodalton and 39 kilodalton proteins in the 
EspA-/EspB- strain is greaterthanthatfoundinEspA-and EspB- strains. Secretion of 
entcropathogenic R coli proteins, except EspC, are mediated by a type ID secretion 
system encoded by the sep cluster. It is possible that truncation of EspA or EspB by 
inserting a stop codon may interfere with this secretion pathway or feedback regulation 
of this system, thereby affecting secretion of the other type ffl dependent secreted 
proteins. 

Esp proteins arc needed for triggering of the host signal transduction pathway. 
Entcropathogenic £ co/i EspA and EspB proteins induce host signal transduction 

pathways resulting m accumulation of tyrosine phosphoiylatcd proteins, cytoskeletal 
actin, and other components beneath the adherent bacteria. To dctem^ne whether 
RDEC-1 EspA and EspB trigger these events in HcU ceUs. cytoskeletal actin add 
tyrosine-phosphorylated proteins were stained with rhodamine-phallodin and 
fluorescently labelled anti-phosphotyrosine antibody. Although the level of 
accumulation of cytoskeletal actin and tyrosine-phosphorylated protein beneath the 
attached RDECl is lower than that of entcropathogenic E. coli, these behaviors were 
indistinguishable to that of enteropathogenic£co/i. By contrast, RDEC-1 EspA.EspB-. 
and EspAVEspB- strains did not accumulate cytoskeletal act in or tyros ine- 
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phosidiorylated proteins beneath the attached bacteria* However, the back mutant strains : 
AAF003 and AAF004 accumulated these proteins similar to the parental strains. 73 ^ 

When plasmids containing enteropathogenic E, coli espA or espB or both Jh 
were introduced into the RDEC-1 EspA; EspB', and EspAVEspB" strains, the 
cumulation of cytoskeletal actin and tyrosinephosphorylated proteins was also restor&iir W^ 
However, when the enteropathogenic R coli EspA" strain, which still secretes EspB, was £: 
coinfected with RDEC-I EspB, induction of host signal transduction events were not 3^" 
restored. Enteropathogenic £ coli EspB also did not complement RDEC*1 EspA in co* ^| 
infection experimoit Therefore, functionally E^A and EspB are similar in RDEC-1 andvp| 
enteropathogenic £ coli with respect to activating host signal transduction pathways, 
although both proteins need to be secreted by the same strain. ^3^^ 

Tyrosine*phosphoiylated Hp90 could be detected by immunoblotting when ij^EL 
HeLa cells were infected with enteropathogenic £ coli, Tyrosine-phosphorylated Hp90 
could not be detected with RDE&l infected cells, even though tyrosine phosphorylated ^^^^ 
proteins could be observed under adherent RDEC* 1 bacterial cells by 
immunofluorescence. 

Enterohemorrfaagic K coli does not induce tyrosine phosphorylation in HEp-2 ^ 
and T84 cells as judged by immunofluorescence microscopy. The sequencing results 
showed that RDEC-1 EspB is more similar to that of enterohemonhagic £ coli than 
enteropathogenic £ coli. These results in this Example show that the lower 
accumulation of tyrosine-phosphoiylated proteins during RDEC-1 infection is due to 
lower adherence efficiency of RDEC-1 because of dififerences in adhesion levels or 
heterogeneity of E^ proteins or botti. 

Adherence and invasion ability. &iteropathogenic £ coli EspA and EspB are 
not only involved in triggering of host signal transduction pathways, but also necessary 
for invasion in vitro. In order to investigate the role of RDEC-1 EspA and EspB in 
adherence and invasion, RDEC-1 esp mutant strains were compared to that of RDEC-1. 
The adherence ability of EspA% EspB , and EspAVEspB' strains were similar to that of the 
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wild type RDEC-1 strain, indicating that adherence is independent of EspA and EspB 
expression. Although the invasive ability of wild type RDEC-1 was about ninety times 
lower than that of enteropathogenic £. coli, this ability was fiuther decreased in the 
mutant strains EspA , EspB , and EspAVEspB'. Hovwver, invasion was restored by back 
mutation strains AAF002 and AAF003. These results show that RDEC-1 invasion ability 
depends upon EspA and EspB. 

To determine the ability of enteropathogenic E. coli EspA and EspB to 
complement the RDEC-l mutants, various plasmids containing the enteropathogenic £. 
coli espK and espB genes were introduced into the RDEC-1 mutant strains, and invasion 
efficiencies compared to that of wild type RDEC-1 strain. Interestingly, the invasion 
levels of AAFOOIAAB (RDECl EspAVEspB ) harboring pMWespAB (EPEC 
EspA+/EspB+) was four times greater than that of wild type RDEC-1 . even though the 
amount of secreted enteropathogenic £. coli EspA and EspB in AAFOOIAAB strain was 
lower than that noimally found in RDEC- 1 . Therefore, the diffaent invasion levels 
observed between RDEC- 1 and enteropathogenic £. coli strains in HcLa cells can be 
attributed to the Esp proteins, and enteropathogenic £ coli EspA and EspB are more 
efficient at mediating invasion in this tissue culture model. Homology comparisons 
showed that EspA was highly conserved in RDEC-1 and enteropathogenic £. coli, but 
EspB was more heterogeneous, showirig that the difference of invasive abilities between 
RDEC-1 and enteropathogenic £ coli may be due to the EspB protein. Interestingly, 
cnterohemorrhagic £. coli 0157 adheres to. but does not invade into human ileocecal 
(HCT-8) epithelial cells. RDEC-1 EspB was more similar to that of enterohemonfaagic £ 
coli rather than enteropathogenic £. coli, perhaps emphasizing the role of EspB in 
invasion. These fmdings strongly support that Esp heterogeneity affects the invasive 
ability of enteropathogenic £ coli, RDEC-1 , and enterohemorrhagic £. coli. 

EspD mutant affects EspA and EspB secretion. Enteropathogenic £. coli 
contains an open reading frame, espD, located between esp A and espB. To confirm the 
role of the espQ product in secretion, the plasmid pMWespD encoding enteropathogenic 

-42- 



SUBSmUTE SHEET (RULE 26) 



wo 97/40063 KTf€UiSgn026S 

£. call espAf AespD (firame shift mutation at the Bglll site), arid espD was construiild 
and introduced into the RDEC-1 double mutant strain, AAFOOl AAB. The amoiuirof 
enteropathogcnic £ coli EspA and EspB secreted proteins in AAFOOl AAB [pNfV^opD] 
was lower than that in AAFOOl AAB [pMWespAB], which contains fiagment ax^idmg 
intact cnteropathogouc £ coli espA, espD» and espB genes. Furthermore invasidf |^ 
ability was also decreased. These results show that disruption of espD affects sec^i^n 
of enteropathogcnic K coli EspA and EspB proteins. In this Example, we show^^^at 
mutations in espA and/or espB also reduced the amount of the other secreted protdn^ 
probably due to their truncated products. Secretion levels were more decreased io^^A 
and espB double mutants when compared with espA or espB mutants. Thus, truncated 
enteropathogcnic E coli EspD may affect the secretion of EspA and EspB in 
AAFOOl AAB [pMW6espD] due to interference in type m secretion system. Whc^tlplpr 
not E^D is directly involved in this secretion system is still unclear. 

Enteropathogcnic £ coli ami RDEC*1 secreted proteins are tightly contrbUed 
by temperatures, which correspond to their relevant host body temperatures. Tcmpeiptuie 
regulates the expression of enteropathogcnic R coli and enterohemonhagic £ cafr ffir 
413/89-1 secreted proteins. EspB expression was greatly increased when the ternp^pture 
was shifted fiom20X to 37^C. Because EspA and EspB proteins are regulated ^il 
appropriate host body temperatures, wild type enteropathogenic £ coli and RDEC-I 
strains were inoculated into DMEM and the secreted proteins were prepared foUovk^ng 
incubation at various temperatures, then analyzed by SDS-PAGE. Expression of ' 
enteropathogenic £ coli secreted proteins were visible at 33^C and reached nuucimal 
secretion level at 36'*C. Expression was decreased at 39^C, and no secreted proteiiis^ere 
seen at 4T'C. In contrast, maximal expression of RDEC*1 secreted proteins occuned at 
39*^C and these proteins were still expressed at 42^C. These results show that the 
maxima] e]q>ression of Esp proteins in enteropathogenic E. coli and RDEC-1 are 
triggered by tfaeir relevant host* s body temperature, human {iVC) and rabbit (39**C}. 



-43- 



SUBSTTTUTt SHEET (RULE 26) 



wo 97/40063 



PCT/CA97/0026S 



In conclusion, both proteins were needed to trigger host signal transduction 
pathways and invasion. Complementation experiments using enteropathogcnic E. coli esp 
genes revealed that host signal transduction events triggered by RDEC-1 and 
enteropathogcnic E coli appear to be mediated by the same secreted proteins. Finally, 
optimal expression of RDEC-1 and enteropathogcnic £ coli secreted proteins correlated 
with their natural host's body tempeniluic. This explains their strict host specificity and 
the lack of enteropathogenic E. coli infection in rabbits or other animals. Animal 
infection studies using RDEC-1 esp\ and esp^ strains will provide information about the 
lole of these secreted proteins in virulence, and may possibly be useful for vaccine 
studies. 



Examples 

Twrn Rahhit Entp n»p«thftaenic £■ coli (RDEC-I) Secreted 
Pr««^in«. fi fpA and pB. Are Virulence Faclon 

The purpose of this Example is to demonstrate the role of EspA and EspB 
protems in pathogenesis. To investigate the role of these proteins in viralcnce, mutations 
in espA and espR vktc constructed in the rabbit enteropathogenic E. coli strain, RDEC-1 

RDEC-1 and its espA and espB mutant strains vwre inoculated by the 
orogastric route into young rabbits. Most RDECl was found in the cecum and colon 
one week postinfection. However, the number of either mutant strain was greatiy 
decreased in these tissues compared to the parent strain. RDEC-1 adhered specifically to 
the sacculus rotundas (follicle associated epithelium) and bacterial colonization was also 
observed in the cecum, indicating that the sacculus rotundas in the cecum is an important 
colonization site for this pathogen, "nie adherence levels ofthe EspA and EspB strains 
to the sacculus romndas were 70 and 8000 times less than that of parent strain. These 
results show that the adherence ability and tissue tropism of RDEC-1 are dependem on 
the two Esp secreted proteins. Furthermore, EspB appears to play a more critical role 
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than EspA in bacterial colonization and pathogenesis. This is the first demonstradojg^t 
the enteiopathogenic £ coli secreted proteins, EspA and EspB, ^^ch are invoivedjfi;: 



triggering of host cell signal transduction pathways, are also needed for colonizadbii ind 
virulence. ;S 



Animal infisctions were perfonned as follows: Ovcniight bacterial cutUiiiKr 
were collected by centrifiigation and resuspended in one ml of phosphate*buffered 
New Zealand white rabbits (weight 1.0 to 1 .6 kg) were fasted ovemidit, then five 
2.5% sterile sodium bicarbonate and one ml of RDEC-1 or espK or esp& strains - r 
(2.5x10**^ were inoculated into the stomach using orogastric tubes. The same dcK^|^f 
bacteria was inoculated into each rabbit the following day. J^p 

Clinical assessments were performed as follows: Each rabbit was wei^p^J 
daily and fecal shedding of bacteria were collected by rectal swabs and from stoo£|§£^s. 
Rectal swabs were rolled over one half of the surface of MacConkey plates contaiil^^ 
nalidixic acid. Five stool pellets or same amount of liquid stool were collected firfi|ii|ich 
rabbit and resuspended in three ml phosphate-buffered saline and 0. 1 ml of each ^^l! 
suspension was plated onto MacConkey plate containing nalidixic acid. The grow^df 
nalidixic resistant colonies was scored as follows: O, no growth; 1 , widely spaced 
colonies; X closely qiaced colonies; 3, confluent growth of colonies. 

Sampling and preparation of tissue were performed as follows: Tisstunijiji^ 
excised immediately following sacrifice by intravenous injection of ketamine and 
overdosing with sodium fdienobarfaital. ||: 

The amount of bacterial colonization in intestinal tissues was assayed .as 
follows: The intestinal segments (10 cm), except cecum, were doubly ligated at their 
proximal and distal ends, and dissected between the double ligated parts, then flua^^i 
with 10 ml of ice-cold phosphate*bufEered saline. One gram of viscous contents 
cecum was added to 9 ml phosphate-buffered saline. The resulting phosphate-buffiaid^ 
saline su^)ensions were diluted and plated on MacConkey plates containing nalidix^^ 

A- 
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The amount of bacterial adherence to intestinal tissues was assayed as 
follows: Tissue samples were excised using a nine nun diameter cork punch, washed 
three times with phosphate-buffered saline, added to two ml of ice-cold phosphate- 
buffered saline, and homogenized with a homogenizer, then serial diluted samples were 
plated onto MacConkey ptetes. The numbers of bacteria adherent to each tissue per 
square centimeter were calculated as follows: CFU/cm2 = the bacterial number/plate x 
dilution fector x 2 ml/- 0.452 

F,Tam»le9 

n^vrfnnment «f f » Ac««v to Sc r r>« far inhihiton of Bacterial Type m Secretwp 
The purpose of this Example is to provide an assay to screen for inhibitors of 

bacterial type III secretion. 

A polynucleotide encoding the EspA polypeptide is fiised to several well 
known molecules, including a HSV tag. The gene fusion is still secreted out of 
enteropathogenic £ colt. A plasmid contains the genetic region of espA that encodes the 
amino-tcrminal portion of EspA (needed to mediate type Dl secretion) fused to a Herpes 
Simplex Vims (HSV) sequence that encodes a sequence tag to which commercial 
antibodies are available. Hiis plasmid is transformed into a strain that contains an espA 
mutation yet still secretes the other enteropathogenic £ co/i-secreted proteins tiiat use the 
type m secretion system. The supernatant of organisms containing tiicse fusions is 
collected, added to an EUSA plate, followed by standard EUSA. A calorimetric readout 
indicates the fiision protein is secreted. 

llus plasmid is also transformed into a strain which is defective for type ID 
secretion (Le. a negative control). When the fiision protein is expressed in tiiis strain, the 
fusion protein is expressed but not secreted. EUSA results with tiiis mutant confinnthat 

it is not secreted. 

Thus an easy EUSA assay to look at secretion is provided. This assay is 
simple, and requires no special technology. It is also economical, because no expensive 
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reagents are needed. It is automated and used to screen reagents to identify inhibitOli of 
bacterial type IE secretion. y l^S 

To assay for secretion, bacteria are grown standing overnight in tissii£^we 
fluid in the presence of compounds to be tested. These conditions yield enteropaj^^genic 
£ co/i-mediated secretion. The follomng day, bacteria are removed by centiifti^^^ 
and the supernatant placed into wells of a 96 well microtiter plate. A standard EL^iA is 
performed on the supematants. If the compound being tested is bactericidal, the bi|^nria 
do not grow overnight 5&I 

A polynucleotide encoding another polypeptide secreted by 'Z 
oiteropatbogenic £1 coli is fused to several well known molecules. A polynucl(:^l|^ 
encoding EspB polypeptide was fused a HSV tag, to \^ch commercial antibod^ip^ 
available.. The gene fusion was still secreted out of enteropathogenic £ coli. IPbiili 
pdasmid was transformed into a strain ttiat contained an espA mutation yet still^^^tes 
the other enteropathogenic E, co/i-secreted proteins that use the type III secredcmj^^. 
Ibe supernatant of organisms containing these fusions is collected, added to an Eji^il^ 
plate, followed by standard EUSA technology with, for example, anti-HS V antibddS^. 
This screen was used to assay plant extracts firom medically important plants. E>iIutions 
of 1/200*1/1000 (about 250 pg/ml) are appropriate. Promising compounds are 
rescreened in the EUSA secretion assay to check for reproducibility. 

Although the invention has been described with reference to the preseiiil^^^^ 
preferred embodiments, it should be understood that various modifications can be ippie 
without dq>arting fiom the spirit of the invention. Accordingly, the invention is linaSted 
only by the fbllowuog claims. 
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We claim: 



isolated EspA polypeptide characterized by: 

being a secreted protein firom enteropathogcnic or enterohemorrhagic 
E. coli; and 

having a molecular weight of about 25 kilodaltons as determined by 
SDS-PAGE. 

The polypeptide of claim I, wherein the polypeptide has an amino acid 
sequence as set forth in SEQ ID N0:2. 

The polypeptide of claim 1 , wherein the polypeptide has an amino acid 
sequence as set forth in SEQ ED N0:4. 

An isolated polynucleotide encoding the polypeptide of claim 1. 

The polynucleotide of claim 4, wherein the sequence encodes the amino acid 
sequence set forth in SEQ ID NO: 2. 



1. An 
a) 

b) 
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The polynucleotide of claim 5, herein the sequence is selected from the 
group consisting of: 

a) the nucleic acid sequence set forth in SEQ ID NO: I ; 

b) the nucleic acid sequence set forth in SEQ n> NO: I, wherein T is ]|| 

c) nucleic acid sequences complementary to a); and | 

d) fragments of a) or b) that are at least IS nucleotide bases in length waM 
that hybridize under strii^gent conditions to genomic DNA which 
encodes the polypeptide set forth in SEQ ID NO: 2. £3 



The polynucleotide of claim 4, wherein the sequence encodes the amino asMl 
sequence set forth in SEQ ID NO: 4. 



8. The polynucleotide of claim 7, wherein the sequence is selected from the : 
grot^ consisting of: 

a) the nucleic acid sequence set forth in SEQ ID NO: 3; 

b) the nucleic acid sequence set forth in SEQ ID NO: 3, wherein T is U; 1 

c) nucleic acid sequences complementary to a); and 

d) fragments ofa) orb) that are at least IS nucleotide bases in length and 
that lqi>ridize under stringent conditions to genomic DNA which 
encodes the polypeptide set forth in SEQ ID NO: 4. 

9. A vector containing the polynucleotide of claim 4. 

1 0. A host cell containing the vector of claim 9. 

11. An anti*EspA antibody which binds to the polypeptide of claim 1 . 

12. The antibody of claim 1 1 , wherein the antibody is monoclonal. 
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The antibody of claim 1 1 , vrtierein the antibody is polyclonal. 

A method for detecting EspA polypeptide in a sample, comprising: 

a) contacting the sample with the antibody of claim 1 1 ; and 

b) detecting binding of the antibody of claim 1 1 to EspA polypeptide, 
wherein binding is indicative of the presence of EspA polypeptide in 
the sample. 

The method of claim 14, wherein the sample is tissue. 

The method of claim 14, wherein the sample is a biological fluid. 

The method of claim 14, wherein the presence of E^A polypq>tide in the 
sample is indicative of infection by enteropaAogenic E. coli. 

The method of cl^ 14, wherein the presence of EspA polypeptide in the 
sample is indicative of infection by enterohemonrhagic E. coli. 

A method of immunizing a host susceptible to disease caused by EspA- 
producing E. coli, comprising: 

a) administering to a host EspA polypeptide; and 

b) inducing a protective iounune response to EspA in the host, thereby 
preventing infection of the host by an EspA-producing oiganism. 

The method of claim 19, wherein the EspA-producing organism is £ coli. 

The method of claim 20, wherein the EspA-producing E. coli. is 
enteropathogenic£ coli. 
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22. The method of claim 20, wherein the EspA-producing £. colL is 

enterohemoxifaagic K colL 



23. A method of ameliorating disease caused by EspA*prodiJcing organism, '^'^Si 

comprising: 

a) immunizing a host with the polypeptide of claim 1 ; and tf^ 

b) iiiducing an immuiie response in the host to the EspA polypeptide, 
thereby ameliorating disease caused by infection of the host by EspA^i|£| 
producing organism. 



24. The method of claim 23, vdierein the EspA-producing organism is £ colL 

25. The method of claim 23, wherein the EspA-producing K colL is 
enteropathogenic K colL -^f"^ 

26. The method of claim 23, wherein the EspA*producing £ colL is 
entefohemorrhagic £ colL ^ 

27. A method for detecting e^rA polynucleotide in a san:q>le, comprising: l 

a) contacting a sample suspected of containing e^iA polynucleotide with T 
a nucleic acid jHobe that hybridizes to e^k polynucleotide; and , J 

b) detecting hybridization of tiie probe with espA polynucleotide, 
^^rein the detection of hybridization is indicative of e^A ^ 
polynucleotide in the sample. 

28. The method of claim 27, wherein the nucleic acid probe is a polynucleotide of 
claim 4. 
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29. A recombinant method for producing ejpA polynucleotide, comprising: 

inserting a nucleic acid encoding a selectable marker into the 
polynucleotide of claim 4, such that the resulting polynucleotide 
encodes a recombinant EspA polypeptide containing the selectable 
marker. 

30. A polynucleotide produced by the method of claim 29. 

31. A host cell containing the polynucleotide of claim 30. 

32. A recombinant method for producing EspA polypeptide, comprising: 

a) growing a host cell containing a polynucleotide encoding EspA 
polypeptide under conditions which allow expression and secretion of 
EspA polypeptide; and 

b) isolating the polypeptide. 

33. A method to identify a compound which inhibits bacterial type III secretion 
systems^ comprising: 

a) introducing the polynucleotide of claim 29 into bactoia having a 
bacterial type III secretion system; 

b) growing the bacteria under conditions ^ich allow growth of bacteria 
and secretion of the polypeptide encoded by the polynucleotide; 

c) contacting a compound suspected of inhibiting the bacterial type III 
secretion system with the bacteria; 

d) inducing the expression of the polypeptide; and 

e) detecting the secretion of the polypeptide; wherein a lack of secretion 
is indicative of tiic inhibition of bacterial type III secretion systems. 
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34. A method for producing a nonpathogenic orgaiusm,coiiiprU 

a) generating a mutation in a polynucleotide encoding EspA polypeptide;. 

b) inserting a nucleic acid sequence encoding a selectable maikcr into Ub! 
site of the mutation; 

c) introducing the mutated espA polynucleotide of step h) into a 
chromosomal espA g«ie of an organism to produce a mutation m the [ 
chromosomal esppL gene; and 

d) selecting or^uusms having the mutation. 

35. The method of claim 34, ^n^ierein the nucleic acid sequence encoding a 1: 
selectable marker encodes resistance to kanamycin. 

36. The method of claim 34» v^rcin the organism is £1 colL 

37. An organism witfi a mutated espA gene produced by the method of claim 34.;^^ 

38. A kit useful for the detection of EspA polypeptide comprising carrier means 
being compartmentalized to receive in close confinement therein one or more 
containers comprising a container containing an antibody which binds to 
E^A polypeptide. 

39. The kit of claim 38, iniieretn the antibody is detectably labeled. 

40. The kit of claim 39, wiicrein the label is selected from the group consisting of 
radioisotope, a bioiuminescent compound, a chemiluminescent compound, a 
fluorescent compound, a metal chelate, and an enzyme. 
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A kit useful for the detection of an «/?A polynucleotide comprising carrier 
means being compartmentalized to receive in close confinement therein one 
or more containers comprising a container containing the nucleic acid probe 
that hybridizes to espA polynucleotide. 

The kit of claim 41, wherein the probe is detectably labeled. 

The kit of claim 42, wherein the label is selected from the group consisting of 
radioisotope, a bioluminescent compound, a chemi luminescent compoimd, a 
fluorescent compound, a metal chelate, and an enzyme. 

A method of producing an EspA fusion protein comprising: 

a) growing a host cell containing a polynucleotide encoding £^A 
operably linked to a polynucleotide encoding a polypeptide or peptide 
of interest under conditions which allow expression and secretion of 
the fiision protein; and 

b) isolating the fusion protein* 
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FIGURE 1 
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ttat«gt:ttttgteatgetaa9«A«9attl^£flUU3Aafl:tatAtae AT6 GAT hO.''"^^^ 

M D ^ -.^f&3 

TCA ACT ACA CCA ttA CTT CCT ACT CCC AAT GCG ACT ACT TCC ACA ^^^^^^^^^^^^^^^ 
^^TASVASAHASTST 

TCA ATC CCC TAT CAT TTA CCS AGC ATC TCC AAA CAT CAC CTT ATT 
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